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DOCILITY AND PURPOSIVENESS 


BY RALPH BARTON PERRY 


Harvard University 


In two earlier papers,! I have discussed various concep- 
tions which have been proposed as definitions of purpose, 
such as systematic unity, tendency, and adaptation. None of 
these appears to give any meaning to such phrases as ‘in 
order to’ or ‘for the sake of,’ which I have selected as the 
most unmistakably and unqualifiedly teleological expressions 
in common use. Adaptation, or complementary adjustment 
may, if one so desires, be regarded as purposive in a broad 
sense. But I have thought it important to show that such 
processes may be construed as complex cases of ordinary 
automatism or mechanism. Complementary adjustment 
means a give and take between environment and organism, 
in which the environment makes the first move, and in which 
the exchange of actions obeys a constant law. Given the 
law, and any state of the varying environment (stimulus), 
the response of the organism can be predicted. The law 
itself is like any mechanical law, and is simply obeyed by the 
responding organism. ‘The response 1s complementary; but 
it means nothing to say that it occurs in order to be comple- 
mentary, or for the sake of the complementary outcome. 

In the case of plastic or modifiable behavior, we meet 
with a new and important principle. The organism acquires 
or Jearns complementary adjustments. The proverbial burnt 
child, for example, acquires a response that is appropriate 
to the stimulus of fire. It is not that the child does so 

1 Purpose as Systematic Unity, Monist, 1917, 27, 352-375; and Purpose as 
Tendency and Adaptation, Phil. Rev., 1917, 26, 477-495. 
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respond, but that the response has been selected owing to 
its complementary character. To do full justice to the com- 
plexity of this total process it is necessary to recognize two 
propensities, which we may for the present call the selective 
or higher propensity and the eligible, or lower propensity. 
Let us illustrate these from a case of animal learning described 
by Professor Thorndike. 


We take a box twenty by fifteen by twelve inches, replace its cover and front 
side by bars an inch apart, and make in this front side a door arranged so as to fall 
open when a wooden button inside is turned from a vertical to a horizontal position. 
. . . A kitten, three to six months old, if put in this box when hungry, a bit of fish 
being left outside, reacts as follows: It tries to squeeze through between the bars, 
claws at the bars and at loose things in and out of the box, stretches its paws out 
between the bars, and bites at its confining walls. Some one of all these promiscuous 
clawings, squeezings and bitings turns round the wooden button, and kitten gains 
freedom and food. By repeating the experience again and again, the animal comes 
gradually to omit all the useless clawing and the like, and to manifest only the par- 
ticular impulse (¢. g., to claw hard at the top of the button with the paw, or to push 
against one side of it with the nose) which has resulted successfully. It turns the 
button around without delay whenever put in the box. 


The eligible propensity in this case is the acquired pro- 
pensity or habit which proves ‘successful,’ such as clawing 
hard at the top of the button with the paw. This eligible 
propensity is complementary to the environment in that it 
so combines with the environment and with reflexes such as 
seizing, chewing and swallowing, as to restore the vitality of 
the hungary organism to par. But in the course of acquiring 
this propensity the kitten cannot as yet be determined by it. 
We need therefore to recognize another or higher propensity 
to account for the kitten’s ‘trying.’ This higher or selective 
propensity dominates the whole process. It accounts for 
the animal’s activity, and it also accounts for that form of 
activity which is chosen to be the stereotyped and recurrent 
activity. It excites the animal to efforts that continue until 
a certain specific act occurs; and it determines what char- 
acter that specific act shall possess in order to become re- 
current. In the maxim ‘if at first you don’t succeed, try, 
try again,’ the higher propensity both accounts for the re- 


1E. L. Thorndike, ‘Educational Psychology,’ Vol. II., The Psychology of Learn- 
ing, p. 9. 








; 
; 


Mn oR dea aA abe 9. 


RM ards, 


welmrie ig 5 


‘ 
; 











(aie Pb ty Mei 


oere 





Saw 


— 


te 








Sear Te ae ee aT OES | SE Eee ee ee 


DOCILITY AND PURPOSIVENESS 3 


peated trials and defines what shall constitute success. Or, 
in the saying ‘he won’t be happy till he gets it,’ the selective 
propensity accounts for the unhappiness, and for that specific 
thing which alone will remove it. 

Although its peculiar importance has not, I think, been 
recognized, this governing or selective propensity is familiar 
enough to psychologists. Professor Thorndike calls it ‘‘ the 
learner’s Set or Attitude or Adjustment or Determination.” 
Professor Woodworth describes it as follows: 

We must assume in the animal an adjustment or determination of the psycho- 
physical mechanism toward a certain end. . . . His behavior shows that he is, as an 
organism, set in that direction. This adjustment persists till the motor reaction is 
consummated; it is the driving force in the unremitting efforts of the animal to attain 
the desired end.? 

It is manifestly the same thing which some psychologists 
refer to as conation. Speaking of instinctive behavior, Pro- 
fessor McDougall says: 

The process, unlike any merely mechanical process, is not to be arrested by any 
sufficient mechanical obstacle, but is rather intensified by any such obstacle and 
only comes to an end either when its appropriate goal is achieved, or when some 
stronger incompatible tendency is excited, or when the creature is exhausted by its 
persistent efforts.’ 

Professor Watson has recently attempted a rigorously 
physiological interpretation of the learning process. He is 
especially anxious to avoid any appeal to conscious guidance, 
or to conscious pleasure and displeasure, and ‘to account for 
the elimination of useless movements upon purely objective 
grounds.’* It is not clear that he would wish to reject 
teleology of the sort that is here proposed. In any case, I 
cannot see that his account of the matter, assuming it to be 
correct, is in essential disagreement with the above analysis. 

Professor Watson proposes to account for the formation 
of habit solely by the laws of frequency and recency. The 

1 Op. cit., p. 13. 

2 G. T. Ladd and R. S. Woodworth, ‘ Elements of Physiological Psychology,’ p. 551. 

3W. McDougall, ‘Social Psychology,’ p. 27. Professor McDougall, to be sure, 
reserves the term ‘conation’ for the consciousness or ‘experience’ which he believes 
attends behavior of this type; but in any case the process described above would 


represent the behaviorist aspect or criterion of conation. 
4 ‘Behaviorism,’ p. 251. 
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so-called ‘successful’ movement of the animal is the move- 
ment which terminates each trial, as does movement Io in 
the series I, 2, 3, 4, 5, 6, 7, 8, 9, ro and I, 3, 7, 13, 14, 8, Zo. 
Where there are repeated trials, zo is then the movement 
which occurs in all, and hence most frequently; and it is the 
movement which, upon each new trial, has occurred most 
recently. Hence it comes to occur more promptly with each 
successive trial, and eventually to become a fixed habit. 

But the important point, as I see it, is the fact that move- 
ment 10 does terminate each trial, without the interference of 
the experimenter. A series of movements is repeatedly in- 
augurated, and each series continues until a certain end-state 
is reached. The animal then ceases to try. The important 
phenomenon is that of effort persisting until a situation is 
reached which evokes no further response; or which in- 
augurates a new series of trials which terminate differently, 
and lead to the formation of another and independent habit. 
The learning animal is in each case being driven by something 
(as when ‘hunger is driving the animal’‘), the peculiar re- 
activity of the animal being due not merely to a specific 
stimulus-reflex, but to a general propensity which has its 
own specific and determined lapse or quietus. 

Professor Holt, in a recent discussion of ‘The Physiology 
of Wishes,’ has followed Sherrington and Freud in emphasizing 
the antagonism, reinforcement and integration of reflexes. 
He rightly insists that the behavior of a living organism is a 
doing of something, and is therefore describable only by 
reference to that environmental object toward which the 
act addresses itself. Even simple reflexes have this character 
of transcending the organism in which they occur. All re- 
sponses are responses ‘to’ something, and that something 
is a part of their essential character. Where two or more 
responses are excited they may augment one another, inhibit 
one another, or give way to a resultant response in which 
they are both partially present. The process of integration 
is fairly intelligible in terms of muscular antagonism, resis- 
tance in the nerve cells or synapses, and distribution of 


nervous energy. 
1 According to Professor Watson himself. Cf. ibid., p. 265, note. 
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DOCILITY AND PURPOSIVENESS 5 


While the view which I am proposing is in fundamental 
agreement with that of Professor Holt, there are two im- 
portant differences of emphasis. In the first place, Professor 
Holt uses the term ‘purpose’ for any organic response having 
specific objective reference. ‘‘This thing,” he says, “‘in its 
essential definition, is a course of action which the living body 
executes or 1s prepared to execute with regard to some object or 
some fact of its environment.” + “The purpose about to be 
carried out is already embodied in what we call the ‘motor 
attitude’ of the neuro-muscular apparatus.” ? The author 
accepts Sherrington’s statement that “in the light of the 
Darwinian theory every reflex must be purposive.” * The 
integrated response is more distinctively purposive only be- 
cause the objective reference is more unmistakable or more 
necessary for the definition of the response. ‘“‘As the number 
of component reflexes involved in response increases, the 
immediate stimulus itself recedes further and further from 
view as the significant factor.” 4 

But in the view which I have proposed above the emphasis 
is placed on the dominance of the general motor set over the 
subordinate reflexes which are assimilated to it. Professor 
Holt illustrates his view by the case of the burnt child who 
learns to respond both to the body’s luminousness and also 
to its hotness. The integrated response is a balance or 
resultant of the extension reflex and the retraction reflex, 
‘such that the organism carries on its further examination of 
the candle in safety.”5 But if I were using this illustration 
I should call attention to the dominance of the exploration or 
curiosity reflex, and say that the child learns how to satisfy 
that impulse. To extend the hand to the vicinity of the 
object, to look at it more attentively, or in the case of a 
more advanced intelligence, to put on asbestos gloves—these 
are means by which the organism learns to complete or 
facilitate its primary response. ‘The organism is acting under 

1“The Freudian Wish,’ ch. 2 on The Physiology of Wishes, pp. 56-57. 

2 Op. cit., p. 59. 

3 Op. cit., p. 66. 

4 Op. cit., pp. 76-77. 

5 OD. cit., p. 73- 
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the control of one response; and this response is modified 
and amplified by the absorption or rejection of other responses 
which are incidental to the general reactivity which the 
primary response incites. In this way it is possible to attach 
some significance to the terms ‘means’ and ‘end’ which tend 
to drop out altogether in Professor Holt’s account.! But 
the case of the burnt child would be doubtfully purposive 
in this sense, and I should not regard it as a peculiarly illu- 
minating example of the principle. The type of learning 
process with which I propose to identify purpose, is better 
exemplified by cases like the one cited from Thorndike, in 
which there is clear evidence of a strong and persistent 
impulse, like hunger; which gradually articulates and com- 
pletes itself, by communicating its energy to reflexes which 
facilitate it, and turning its energy against reflexes which 
retard it. In such cases an organism not only does something, 
but it learns how to do something; the ‘how’ being selected 
and consolidated under the control of the ‘something-to-be- 
done.’ 

Or, still more unmistakable examples abound in the opera- 
tions of more advanced intelligences. If one is hunting for 
a pin, the ‘Aufgabe’ is clearly in command of the situation 
from beginning to end. Sundry responses, such as walking 
about, probing corners, lifting objects, etc., are subordinate, 
and not coordinate reflexes. They are due to the increased 
reactivity to which the problem gives rise; they acquire a 
liability to recurrence according as they do or do not facilitate 
the finding; interruptions are repelled; and eventually there 
is built up the integrated response of finding a pin. There 

1Cf. op. cit., pp. 100-101: “‘The only semblance of ‘end’ is found where one 
purpose is yoked into the service of another purpose, and here the latter might roughly 
be called the ‘end’ of the former; yet only roughly and inexactly so, since the whole 
is process and the subordinate purposes are only its articulate phases.” But there 
must be some difference between the superior purpose and the subordinate purposes, 
for two reasons: first, because the former exists before the latter, and determines their 
selection; second, because the subordinate purposes may afterwards be replaced, 
in which case the superior purpose is not changed but rather is more effectually 
‘realized.’ I think it more in keeping with usage, and on the whole more illuminating, 
to reserve the term ‘purpose’ for the superior response, in respect of the selective 
and controlling function which it exercises. 
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would be a specific difference between hunting a pin for the 
sake of exercise, and moving about for the sake of finding a 
pin; and this difference would depend upon the origin of the 
general excitation, the tendency to fixation in the minor 
reflexes, and the parts of the whole process which would be 
interchangeable. 

The second respect in which I should depart from Pro- 
fessor Holt’s statement concerns the object of response. 
Professor Holt speaks of the organism’s responding to ‘some 
object or fact of its environment.’ That the response is 
often directed to a non-existent or generalized object, would 
not, I presume, be denied by Professor Holt. But this is a 
matter of great importance for the theory of value, and needs 
greater emphasis. In the case of hunting for a pin, the 
organism is not, strictly speaking, responding to an object 
or fact of its environment. The organism is not hunting 
for any particular pin; and is quite capable of carrying on 
the hunt, even though there be as a matter of fact no pin in 
its environment. The finding of any particular pin is the 
hypothetical complement to its present response. It is related 
to it as a hypothetical key is related to some lock which it 
would fit if it did exist. We cannot deal adequately with this 
matter here, but it evidently requires an epistemological 
construction that lies beyond the scope of a strictly physio- 
logical behaviorism. The recognition of this fact, though 
it does not, I think, in the least contradict the fundamental 
thesis of behaviorism, does forbid any hasty or contemptuous 
dismissal of the traditional association of purpose with non- 
physical or ‘ideal’ entities. And it suggests the danger of 
confining our analysis too closely to the lower forms of 
mind. As a matter of fact most human purposes deal with 
‘objects’ of hope, fear, or aspiration that find no place at all 
in the field of nature as that is defined by the physical sciences. 

Let us now consider some recent accounts of the learning 
process offered by a group of experimentalists in animal 
psychology.! “‘Apparently we have to do,” says Professor 
S. J. Holmes, “with a selective agency which preserves or 

1L. T. Hobhouse, S. J. Holmes, J. Peterson, and others. 
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repeats certain activities and rejects others on the basis of 
their results.” All the writers of this group avoid the 
popular explanation in terms of the pleasurableness and pain- 
fulness of the results, and for a cumulative variety of reasons. 
Such an explanation imputes causal efficacy to mental states; 
and it introduces into the field of animal psychology a mental 
factor which, because it is incapable of objective description, 
is inconsistent with the accepted technique of the science. 
Furthermore, to explain behavior by pleasure and pain is to 
commit the fallacy of obscurum per obscurius. Feeling still 
remains the terra minime cognita of psychology. The be- 
haviorist hopes to be able to throw light on the physiological 
correlates of pleasure and pain, rather than to receive light 
from the very inconclusive theories on that subject which 
have already been proposed.’ 

Instead, however, of falling back upon the simpler mechan- 
ical explanation in terms of frequency, recency and intensity,® 
the writers of the present group emphasize the mutually 
reinforcing and inhibiting relations of responses. The earliest 
statement of this view is to be found in Hobhouse’s ‘Mind in 
Evolution.’ When the chick pecks at the yolk of egg or 
at green caterpillars, ‘the “‘result”—the tasting or swallow- 
ing—is such as to confirm the original mode of reaction’; 
whereas when the chick pecks at orange peel or cinnabar 
larve, the effect is to inhibit the original reaction. For the 
future the chick is more likely to peck at objects of the first 
sort, because the excitement which they would arouse inde- 
pendently is now enhanced by the ‘assimilation’ of the excite- 
ment characteristic of the confirmatory sequel. Similarly, 

1 Pleasure, and Pain and Intelligence, Comp. J. of Neurol., 1910, 20, p. 147. 

2 Cf. J. Peterson, Completeness of Response, Psycuor. Rev., 1916, 23, 157-158: 
“The pleasurable tone which accompanies certain of our acts is of course only a sub- 
jective indication that the response is along the line of least resistance. . . . We are 
coming to the point now in psychology at which we cannot look upon states of feeling 
as causes of action.” Cf. also S. J. Holmes, op. cit., passim. 

31 refer to the account offered by Watson, op. cit. sup; H. A. Carr, Principles of 
Selection in Animal Learning, Psychol. Rev., 1914, 21; M. Meyer, ‘Fundamental Laws 


of Human Behavior.’ 
‘First published in 1901. The view as expounded here is developed more 


explicitly in the second edition, 1915. 
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objects of the second sort will have lost their former power 
to excite, through its now being neutralized or overbalanced 
by the associated inhibitory excitement.! 

But this is evidently an imperfect account of the matter. 
The reaction of rejection is no more inhibitory to that of 
pecking than is the reaction of swallowing. What the chick 
learns is not the simultaneous performance of two confirma- 
tory acts, but a sequence of inhibitory acts. Why, then, 
should the chick not learn to pick up and reject, rather than 
to pick up and swallow? Or why should it acquire either of 
these habits to the exclusion of the other? To explain the 
prepotence of one of these sequences over the other, it is 
evident that what we need is some original connection uniting 
the pecking reaction with the swallowing reaction, but not 
with the rejecting reaction. The connection cannot be one 
of simultaneous compatibility or incompatibility between the 
reactions as such. It must be a connection between succes- 
sive movements. We must conceive the pecking reaction 
as part of a total response of which the swallowing is the com- 
plementary after-part. Swallowing must be regarded as a 
prolongation or completion of the pecking response, in the 
direction of first intent, whereas rejection is an interruption 
or reversal of it. We must say that a pecking chick is an 
eating chick; and that it is this total eating response which 
selects the objects habitually to be pecked at. In other 
words, in this case eligible means edible. 

It is not necessary to suppose that any mysterious psychic 
force is at work. If pecking is a part of eating, then it will 
be accompanied by the partial excitement of the swallowing 
reaction,—by a ‘getting ready’ to swallow. This antici- 
patory reaction will be brought to completion by certain 
stimuli such as the yolk of egg, inhibited by others, such as 
the orange peel. In the future the former will awaken these 
anticipatory reactions more strongly, and so reinforce the 
pecking reaction; whereas the latter will partially excite 
the rejecting reflex, which will diminish the force of the 
pecking reaction by inhibiting the anticipatory swallowing 


1 Hobhouse, op. cit., second edition, pp. 118, 121. 
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with which that reaction is normally correlated. This would 
not be the case unless swallowing were in some sense the 
natural sequel to pecking, unless the two were somehow 
already organized in the animal’s nervous and muscular 
structure. 

This view of the matter finds expression in some of 
Hobhouse’s statements, as when he speaks of ‘confirmatory 
movement tending to prolong the reaction, or carry it out 
strenuously to its final development.’ Similarly, he speaks 
of the result of the first reaction as following ‘closely enough 
to impinge upon and so confirm or inhibit the conational 
impulse by which that reaction 1s initiated and sustained.’ } 

Professor Holmes, who follows Hobhouse in the main, 
states the view as follows: “‘Pecking and swallowing form 
the normal elements of a chain reflex; when one part of the 
structure concerned is excited it tends to increase the tonus 
of the associated parts and thus reinforce the original re- 
sponse.” * But while this statement recognizes the necessity 
of presupposing some original connection between the first 
reaction and the ‘successful’ reaction which is selected, that 
connection still remains too external. He finds it necessary 
to suppose that the second reaction somehow modifies the 
first owing merely to a ‘close temporal relation’; as though, 
apparently, the second reacted upon the first by a sort of 
back set. He fails here, I think, sufficiently to recognize 
that the two responses are really parts of one response. 
This appears also in his allusions to instinct. ‘‘A response,” 
he says, “which results in setting into action a strong in- 
stinctive proclivity is reinforced or inhibited, as the case 
may be, according to its congruity or incongruity with the 
proclivity thus aroused. . . . Ordinarily a response 4 that 
is followed closely by an instinctive reaction B involving the 
liberation of a considerable amount of energy, is reinforced, 
probably as a result of the influence of this energy on the 
nervous connections simultaneously excited by the response 
B.”* He should, it appears to me, have included the first 

10. cit., pp. 120, 123. The italics are mine. 


2 Op. cit., pp. 135-136. 
‘Studies in Animal Behavior,’ pp. 148-149. 
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response within the instinct or proclivity, and regarded the 
first and second responses as congruent parts of it. The 
instinct dominates the performance throughout, initiating it, 
and selecting the congruent sequel, the whole instinctive 
performance being under way from the beginning, in its 
tentative, as well as in its successful and habitual stages. 
The most explicit statement of the view is to be found in 
a recent article by J. Peterson.1 This writer formulates 
what he calls ‘the principle of completeness of response.’ 
Learning processes ‘involve more or less complex attitudes.’ 
“The total reaction is in a degree incomplete, tentative. 
It is conditioned by various muscular ‘sets,’ or tensions, 
partial responses to immediately distracting stimuli, which 
cannot relax wholly until relief is obtained from confinement, 
or food is reached.” ? In other words, there is a ‘general’ 
or ‘main’ response, marked by tension and nascent activity. 
This tension is relieved only when ‘the act as a whole is 
complete.’ ‘‘There is . . . a continuous overlapping of re- 
sponses, some of which are in opposition while others are 
mutually helpful and serve to the main response as additional 
stimuli, the latter leading to a more easy and complete expres- 


ston.” 8 


If the above analysis is substantially correct, we find in 
the learning process a species of behavior that gives an 
empirical and objective meaning to the teleological vocabu- 
lary. <A docile or corrigible organism is acting under the 
influence of a controlling impulsion which selects and acquires 
the specific instrumentalities through which it may be realized 
and completed. In so far as its behavior is thus determined, 
the organism may be said to be acting in the interested or 
purposive manner named for the general impulsion. In so 

1 Referred to above, p. 8, note. Cf. also Stevenson Smith, Jour. Comp. Neur. 
and Psychol., 1908, 18. 

2 Op. cit., p. 158. 

3 Op. cit., pp. 156, 159. The writer goes on to say: “In our observation of 
animal behavior we have been too much interested in the principal response of the 
animal and have neglected to note sufficiently all the subordinate attitudes and 


responses.” I should say rather that there had been too much neglect of the principle 
of subordination itself, whether through attention to the constituent reflexes or to the 


total performance. 
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far as the organism adopts a specific course of action because 
the expectation or preparatory response which it arouses 
coincides with that of the general controlling propensity, it 
may be said to act for the sake of the latter, or in order to 
realize it. 

I have not thought it necessary for present purposes to 
discuss the extent to which purposive or teleological processes 
are hereditary. Theoretically instincts are supposed, like 
reflexes, to be altogether hereditary. But there are no clear 
cases of instinct of which this is true. Such responses as 
fear, pugnacity and the like are formed as they go, out of 
reflexes which are themselves highly modifiable. That heredi- 
tary structure defines the range of possibilities from which 
choice is made is doubtless true; but choice 1s made through 
the results of the organism’s present experience. Similarly, 
the appetites signify certain hereditary and recurrent im- 
pulses which set the organism to acting until a specific relief 
is obtained; but just how any individual organism under 
given circumstances shall satisfy its craving for food or sexual 
intercourse is ordinarily determined by the results of tenta- 
tive movements. It is this margin of modifiability, be it 
great or small, to which we must look for the factor of purpose. 
This interpretation will carry purposiveness far down in the 
phylogenetic and ontogenetic scale, but I cannot see that 
that argues against it. 

It is essential that the action should be thus determined 
by its relation of prospective congruence with a controlling 
propensity which is both prior and more general. In other 
words the purposiveness is to be seen neither in the higher 
nor in the lower propensity regarded by itself, but in the 
interrelation of the two. The peculiar character of action 
in this case lies not in its merely having the character of com- 
plementary adjustment, but in its multiple and ulterior deter- 
mination. We may now say of the ‘successful’ act, not 
merely that it is successful, in the sense, for example, of 
securing the food which the organism needs, but that it 
occurs because it 1s successful. Its being complementary to 
the environment, in a certain respect, accounts for its per- 
formance. It has actually been selected on this account. 
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Once the lesson is learned, the force of habit begins to 
operate; but behind the habit lies the higher propensity 
which has selected it, and which still exercises a certain 
control upon it. The lower propensity is always on trial or 
sufferance, so to speak; the acts which it determines occur 
only so long as they agree with the higher propensity. An 
organism in so far as acting purposively is always docile; 
while a purpose is always capable of inciting to new and 
untried efforts, and of exercising a selective function with 
reference to the tentative acts which it instigates. In other 
words, it is essential to behavior of this type that the higher 
propensity should be alive, or actually at work in the organ- 
ism. At the moment when the habit becomes independent 
of this higher control, it becomes automatic. It can no 
longer be said to operate owing to its success. Its success 
accounts for its genesis; but the habit has now been weaned 
and is no longer answerable to the conditions with which it 
had to comply at birth and during its period of dependence. 
Herein lies the essential difference between the learning 
process and natural selection. According to the latter prin- 
ciple the character of hereditary structure is accounted for 
by its having been adaptive in ancestral organisms. But in 
so far as natural selection alone is predicated, the action of 
the organism cannot be said to be presently goveried by 
this condition. In so far as its hereditary structure ceases 
to be adaptive through a change in the environment, the 
organism tends to weakness or death, and is not likely to 
transmit its traits; but it goes on with its maladjustment 
none the less. There is nothing in its constitution to forbid, 
or to prompt to new and more successful modes of adjustment. 
The organism cannot in this case be said to be trying to cope 
with its environment. 

When a lesson has been learned, and a new habit estab- 
lished, it is quite possible that this in turn should become a 
higher propensity. If the kitten should be excited to effort 
by the mere appearance of a button in a vertical position; 
if these efforts should continue until a way was hit upon to 
turn it horizontally; and if the random efforts should then 
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be replaced by a stable propensity to perform the successful 
act, then we could say that the kitten was trying to turn the 
button, or that what it did was due to its producing the effect 
of a button in the horizontal position. 

The variability of purposive action is not an accidental 
feature. What is required, as I have pointed out, is to be 
able to say that an act’s performance is somehow condi- 
tioned by its having or promising a certain result. In order 
that this shall be possible, it is necessary that acts of the 
preferred sort should be actually selected from a larger class 
of acts. The rejected acts must actually occur so that the 
preference or selection may be manifested. An organism 
which reacted in one way, having a certain result, could not 
be said to prefer that way or to choose that result simply 
because other ways, having other results, were conceivable. 
It is necessary that these other ways should occur, in order 
to provoke the organism to the rejection of them. In order 
that an organism may be said to act in a certain way because 
of a certain result, it is necessary that acts, proving them- 
selves to have a certain result, should derive a tendency to 
occur from this fact; and that other acts, proving not to 
have the result, should dexive from that fact a tendency to 
be excluded. It is necessary that acts of the eligible type 
and of the ineligible type should occur tentatively, and then 
take on a stable or dispositional character according to the 
result. ‘The occurrence of the experimental acts which this 
operation predicates is provided for only by the variability 
of behavior under the excitement of a deep-seated and 
persistent propensity. 

We may consider this variability under three aspects. 
(1) In the first place, the behavior is variable in respect of 
the response itself. This is what Professor Thorndike terms 
‘the fact of multiple response to the same external situation,’ 
and which he says pervades ‘at least nine tenths of animal 
and human learning.’! In other words, it is not the con- 
stancy of the organism’s behavior that is here remarkable, 
but its resourcefulness. Many acts are called, though few 


1 Op. cit., p. 12. 
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be chosen. It is a well-known fact that in the ascending 
scale of animal development this variability of response be- 
comes more and more pronounced. In man, and in those 
men whose conduct would be said to exhibit a relatively high 
degree of purposefulness or intelligence, this resourcefulness 
becomes well-nigh inexhaustible. The ‘fertility’ of mind 
which characterizes invention, is the same thing in principle, 
the difference lying in the fact that the lessons already learned, 
and the process of inference, render it unnecessary that more 
than a few of the responses should be carried through in 
order that their result should be proved. 

(2) In the second place, the behavior of learning is variable 
in respect of the feature of the environment to which the organism 
responds. ‘This is what Professor Thorndike calls the ‘Law 
of Partial Activity,’ according to which ‘“‘a part or element 
or aspect of a situation may be prepotent in causing response, 
and may have responses bound more or less exclusively to it 
regardless of some or all of its accompaniments.” ! The 
situation in which the organism is operating is highly complex, 
and contains many features to which the organism’s sensory 
apparatus qualifies it to respond. In the case of the kitten 
already described there are the button, the bars, the sides, 
the experimenter himself, etc., to one or another of which 
attention may be shifted. The possibilities are proportional 
to the mobility of attention, to the fineness of discrimination, 
and to the variety and delicacy of sensory capacity. Among 
the stimuli in the case of the kitten is the smell of the food 
itself. But the essential feature of the process as one of 
trying and learning, is that the simple reflex excited by this 
stimulus gives place momentarily to other reflexes excited 
by other stimuli. Thus though the first impulse be one of 
motion toward the food, this gives way presently to the 
impulse to push away the bars with which the animal comes 
into contact, and which stimulate its tactual or muscular 
senses. 

(3) Being thus excited to various responses by the various 
aspects of the situation, acts occur which have different 


10. cit., p. 14. 
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results. In other words, the consequences of action are vari- 
able. Some of these consequences or end-results are of the 
character defined by the higher or controlling propensity, 
some are not. Thus 4 +m1=a@, at+tn=b atn=c, 
é; + 73 = m, etc. But of these acts that which results in m 
is unique. It terminates the process of trying, and tends to 
recur more promptly when that process is renewed. When 
é3 + 73 = m does thus recur, bearing the peculiar relation 
which it does to the general set E + R = M, it may be said 
to be performed for the sake of M. This peculiar relation 
to E + R= Mi is both a matter of past history and also of 
future tendency. On the one hand, ¢; + 73 = m is selected, 
and brings the propensity E + R+ M to rest, because m 
has proved to bea case of M. On the other hand, e; + 7; = m 
owes its own stability as a propensity to the persistence of 
the propensity £ + R + M, and to m’s continuing to be the 
result of ¢3 + 73. 

Although the matter cannot be fully dealt with here, it is 
desirable to make at least a brief reference to what would 
usually be regarded as the mental aspect of this process. But 
believing as I do that to explain this process by a reference to 
what is commonly regarded as consciousness would be to 
commit the fallacy of obscurum per obscurius, I shall rather 
attempt to obtain light on the problem of consciousness by 
reference to certain aspects of this process. 

Whatever excites endeavor or conation in the behavior- 
istic sense already described, inaugurates the very state in 
which that endeavor is to terminate. As Professor Warren 
has pointed out, although “the dog certainly does not eat 
the rabbit before he catches it, . . . nevertheless, the act of 
eating is begun before the appropriate food stimulus ap- 
pears.” 1! As even Professor Warren appears not sufficiently 
to recognize, the process of eating is actually commenced in 
so far as the dog is trying to eat the rabbit. I refer, of course, 
to the secretion of gastric juices, the incipient muscular ccn- 
tractions required for seizing and tearing the prey, etc. In 
this sense what the animal is trying to do may be said to be 


1H. C. Warren, A Study of Purpose, J. of Phil., Psychol., etc.. 1916, 23. 
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anticipated; or we may say that the animal expects it 
momentarily. Where this is the case we may say that the 
appearance of the prey is a sign of the eating, or awakens the 
expectation of it. But expectation in this sense may be 
awakened not merely by the appearance of the object which 
is a constituent of the end-result; it may be awakened by a 
means to that end-result; by the stimulus which one has 
learned to respond to successfully, or by the response which 
has proved successful. Where, then, any of these factors 
releases in any measure that response which is a part of the 
consummation of the endeavor, or causes the organism to 
behave as though the endeavor were consummated, we may 
speak of conscious purpose. The factor which so operates 
means satisfaction to come, it promises something, arouses 
expectation. This, I should say, is what we mean by any- 
thing’s being an object of consciousness. 

To make the matter clearer it is necessary to introduce 
the case of simple awareness or cognitive response. In this 
case the endeavor is that the stimulus should more effectively 
stimulate. The organism responds by a better adjustment to 
the action of the stimulus, by turning the head, focusing, 
cutting off inhibiting or disturbing stimuli; in short, by 
looking, listening, touching, sniffing andthe like. This atten- 
tive set is like any other except in that it usually accompanies 
the others and facilitates them. But it is quite capable of 
absorbing the energies of the organism for a time. Then 
when it comes to rest, one can be said to have one’s curiosity 
satisfied, and to have learned how to ‘see’ what one was 
trying to see. The attentive act is an anticipation of future 
stimulation, and whatever excites it is object of consciousness 
in the sense just described. 

One further consideration. It is characteristic of human 
conduct that it 1s guided by ‘ideas.’ In the essential sense 
all signs, ail stimuli that excite anticipation or arouse expec- 
tation, may be called ideas. The English philosophers, there- 
fore, were not so far wrong as is usually supposed in identifying 
ideas with mental contents. But it is possible, if one prefers, 
to restrict the terms to arbitrary signs. By what Professor 
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Thorndike calls ‘Associative Shifting’ it is possible to ‘get 
any response of which a learner 1s capable associated with 
any situation to which he is sensitive.’! Thus the arbitrary 
combination of sounds which constitute the spoken word 
‘food’ may excite the food-getting reflex, and similarly the 
expectation of food. It is probable, to my mind, that the 
primary function of a word is to excite the attentive act 
which is appropriate to a given stimulus. In other words, 
when the word ‘food’ is spoken, the organism is beginning to 
see food, and then over and above this to deal with it in the 
manner determined by the food-eating propensity. Cer- 
tainly in the case of man, to ‘understand’ a word, is to be 
put in readiness for certain stimuli. 

Or it is possible, if one prefers, to restrict the term idea 
to centrally stimulated signs. Such signs may consist of 
visual images resembling the object signified; or they may, 
as in the case of vocal-motor images, be quite arbitrary. 
The important thing is that they should excite anticipation 
or arouse expectation. This is sufficient to make them ideas. 
That they should be centrally stimulated is practically im- 
portant, in that it makes it possible for the individual to 
proceed to act upon any propensity, independently of present 
circumstances in the environment. Thus one may in this 
way seek food, whether or not either food or anything to 
suggest it happens to stimulate the organism from without. 

There is one further consideration which is too important 
to omit even in this hasty summary. Endeavor, especially 
in the case of man, is often terminated, not by the end result 
toward which the organism is set, but by a belief which may, 
as it happens, be mistaken. In such cases, we must say that 
the real object of endeavor is a situation which in turn 
creates certain new expectations. These expectations may 
in any given case be doomed to disappointment. Thus the 
animal may store away against the winter’s famine what 
he takes to be food; whereas the objects collected may as a 
matter of fact not be edible, being made to deceive by their 
resemblance to familiar forms of food. We must then say 


Op. cit, p. 15. 
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that the endeavor of the animal was to reach a condition in 
which there is an anticipation of eating; the anticipation 
being excited, the endeavor comes to rest. The successful 
means employed to collect the spurious food is learned, and 
tends to become stable, just as if it were really edible. We 
must therefore predicate a set that is satisfied independently 
of the actual edibility of the objects in question. And this 
satisfaction must be held to consist in the animal’s expecta- 
tion. It is upon this model, I believe, that we must construct 
our account of the higher purposive processes of man, in 
which the purpose is none the less present even when misled 
and founded on error. 

In the present paper I have put together certain notions 
of the learning process in the belief that they afford an 
account of behavior to which the term purpose is properly 
and significantly applicable, but without implying any factor 
out of keeping with the most rigorous scientific method. 
The important feature of docility is not adaptation to the 
environment, but the acquiring of specific modes of adapta- 
tion, and performance determined by the experience of adap- 
tation. It appears to be necessary to predicate two springs 
of action in the docile organism: (1) the more deep-seated, 
sustained and general propensity, which accounts for the 
increased reactivity called ‘trying’ and which prescribes when 
this shall be brought to rest; (2) the more superficial, transi- 
tory, and specific propensities, which are rendered hyper- 
excitable by the former, but are ordinarily released by sense 
stimuli. The former we may call the selective, dominant or 
higher propensity, and the latter the tentative, subordinate or 
lower propensity. That one among the tentative propensities 
which is selected, and which we may term the eligible pro- 
pensity, is one which confirms, facilitates and amplifies the 
selective propensity. When a tentative propensity has thus 
proved congruent with a selective propensity, then in future 
when that same selective propensity is moving the organism, or 
is dominant, then the tentative propensity in question has a 
prepotence over others, past and present, because of the 
greater compatibility between the expectation which it now 
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arouses and the general direction or set of the dominant 
propensity. Expectation or set can, I think, be construed 
physiologically in terms of nascent adjustments. Action so 
performed can fairly be said to be performed owing to the 
agreement of its promise or prospective sequel with that of 
a more fundamental but more flexible propensity, which in 
this relation and function may be called a purpose. Action 
determined by an eligible propensity, is done ‘on purpose.’ 
Docility thus construed requires that the behavior of the 
organism shall be variable in all three of the aspects into which 
it can be analyzed: namely, feature of the environment 
attended and responded to, physical movement, and effect. 
Purposiveness thus appears in life pari passu with variability 
or modifiability of behavior. Finally, the same mechanism 
which is implied in the learning process when so construed, 
will serve also as a crude account of the so-called ‘higher 
processes’ in which one solves a problem, or conceives and 


executes a plan. 




















THE PERCEPTION OF FORCE! 


BY JOHN J. B. MORGAN 


Psychological Examiner for the War Department 


I. INTRODUCTION 


(a) Statement of the Problem.—lIf an individual is asked 
to pull a spring to a point where the tension will amount to 
twenty pounds he will very probably make a large error. If 
he is permitted to repeat the pull after being told the amount 
and direction of his error he will probably either reverse the 
direction of the error or approach nearer to the required 
twenty pounds. Succeeding corrections and trials will enable 
him to reduce the size of his errors; and they will, if tabulated, 
give an approximation to the normal probability curve with 
the twenty pounds as a mean.” ‘To delineate the mechanism 
which makes such learning possible and to describe the modi- 
fications involved would be no simple task; evidence for 
which is given in the antagonistic results of previous investi- 
gations on this subject.® 

Disagreement in the findings of science is due either to 
faulty experimental control, to incorrect interpretation of 
results, or to both; hence when one meets contradiction in 
the results of different experiments it is first necessary to see 
whether the conclusions as stated by the investigators neces- 
sarily follow from their experimental data, and if the trouble 

1 The experiment of which this article is a report was made possible through a 
Cutting Travelling Fellowship granted the writer by the trustees of Columbia Univer- 
sity in the spring of 1916. The apparatus was made and the experimenting largely 
done in the psychological laboratory of the Johns Hopkins University under the 
supervision and with the generous assistance of Professor John B. Watson. The 
experimenting was completed in the Princeton psychological laboratory and the data 
put in shape while the writer was instructor in psychology in Princeton University. 

2 Fullerton, G. S., and Cattell, J. McK., ‘On the Perception of Small Differences,’ 
Publ. of the Univ. of Penna. Philos. Series, 1892, No. 2. 

8 Sherrington, C. S., ‘The Muscular Sense,’ Shafer’s ‘Text-book of Physiology,’ 
1002-1025. James, Wm., ‘Principles of Psychology,’ Vol. II., 486-520. Woodworth, 
R. S., ‘Le Mouvement.’ 
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cannot be located there to repeat and modify the experimental 
conditions in order to obtain supplementary information on 
the subject. Our problem will therefore be to investigate 
the nature of the conflicts in previous experiments on the 
perception of force and then after we have clearly formulated 
the point at issue to attempt to supply data based on experi- 
mental modifications of such a nature as to give them strong 
evidential character. 

(b) Some of the Points at Issue.—In connection with this 
problem one fact that previous investigations have demon- 
strated is that the ‘sense of tension,’ ‘sense of resistance,’ 
or ‘sense of force’ is a very complex affair. If there were a 
unitary sensation of innervation accompanying the discharge 
of motor impulses; if there were a simple sensation of tension, 
of energy expended, or of muscle change accompanying move- 
ments of the body; if extent or time were the fundamental 
thing in the perception of movement;—if any one of these 
were the irreducible element, no such discordant results as 
have been obtained would have confused investigators and 
no doubt the problem would long ago have been settled. 
Different investigators have as the result of different experi- 
ments argued for the importance of each of these factors in 
the production and perception of movement, and each new 
experiment seems to bring to light some new phenomenon 
which contradicts what some previous investigator has found. 
One factor among those mentioned that seems to have been 
discredited by recent experiments is the sense of innervation.! 
At least there are such strong arguments against it that we 
need not consider it here. If then kinesthesis depends wholly 
upon afferent impulses, the question is left as to whether it is 
determined principally by the quality or intensity of these 
impulses or by their spatial or temporal relations, or by all 
these combined. Under certain conditions it has been shown 
that one judges force by movement speeds,’ in other condi- 
tions extent has been shown to be important, while in others 
the criterion is the latent time required to overcome the 


1 Op. cit. 
2 Miller and Schumann, Arch. f. d. ges. Physiol., 1889, 45. 
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opposing resistance.! Clinical experiments on the effect of 
anesthetizing the superficial areas on the perception of lifted 
weights have given discordant results.’ 

Fullerton and Cattell give three arguments against the 
contention of Muller and Schumann that force is judged by 
speed. (1) The force of a movement can be judged better 
than its time. (2) The judgment of time follows Weber’s 
law more nearly than the judgment of force. (3) When the 
rate is altered so that the one is lifted four times as rapidly 
as the other, either by being lifted higher in the same time 
or the same distance more quickly, the probable error is not 
increased. They state that this latter unexpected result 
proves conclusively that we do not judge of difference in 
weights by the rate at which they are lifted. ‘They are of 
the opinion that lifted weights are judged by a combination 
of skin, pressure and muscle sensations.* 

(c) Previous Work Leading to the Present Paper—The 
thesis which led to the experiments to be reported in this 
paper was that the perception of force is very crude and its 
seeming accuracy in certain instances depends upon the 
adoption of secondary criteria. We will first refer very 
briefly to the facts which led to this thesis, show how the 
use of secondary criteria could have entered into Fullerton 
and Cattell’s experiments on the perception of force, and 
this will bring us to an explanation of the method and plan 
of our experiments. 

It has been found that when a person is told to raise a 
weight with all the force he can, if the weight is changed he 
will tend to pull varying masses with the same speed, which 
means that the force of the muscular contraction must vary 
with the different weights. The time required for this ad- 
justment of force has been found to be fifty sigma or less, 
in no case more than 100 sigma. It must therefore be either 
a reflex or a local muscular phenomenon. Further, when the 

1See discussion of the experiments of Jacobi in Woodworth’s ‘Le Mouvement.’ 

2 Sherrington, op. cit. 


3 Op. cit. 


Morgan, J. J. B., ‘The Overcoming of Distraction and Other Resistances,’ 
Arch. of Psychol., No. 35, 1916. 
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subject is told to pull several weights with the same force 
he can make but crudely the time adjustment that is neces- 
sary.} 

These facts show that if one has any elementary sensation 
of force it is not the same thing we have to deal with in 
physics. In physics, if we have a certain force acting against 
a certain mass we will get a definite acceleration, the force 
being equal to the mass multiplied by the acceleration. If 
the mass is changed and the force kept the same the accelera- 
tion can be determined from the equation and is found to 
be borne out by experiment. If we tell a subject to set his 
own force in pulling a certain weight we can measure the 
acceleration and can determine the amount of physical force 
used. If we change the mass and tell him to use the same 
force as before we find that acceleration is but little changed 
but that the resultant physical force is. Certainly this shows 
that the subject has no unitary sensation of physical force; 
or, if he has, he is grossly ignorant of its relation to accelera- 
tion. The force of a spring, of an explosion, or of gravity is 
vastly more accurate in its adjustments than the human 
muscle. 

Over against these facts stand the experiments of Fullerton 
and Cattell which showed that force can be judged more 
accurately than time, although somewhat less accurately 
than extent. In all their experiments, except in one with 
extent, they used the following procedure: The subject was 
given a practice series in which to learn the standard magni- 
tude, whether extent, time, or force. After the practice 
series the movements were made in pairs. The first of each 
pair was an attempt to approximate the standard magnitude, 
the second of the pair was an attempt to equal the first. In 
this way the subject made his own standard which he used 
for comparison. The average errors were taken from the 
differences between the two movements of the pairs. The 
subject was told at the end of each ten pairs how much he 
was above or below the standard magnitude, and thus could 


1 Jbid., ‘The Speed and Accuracy of Motor Adjustments,’ J. or Exper. Psycuot., 
June, 1917. 
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attempt to make the necessary correction. In the experi- 
ments on extent they used standard magnitudes of 100, 300, 
500 and 700 mm.; in the experiments on time they had the 
subjects make a 50 cm. movement in minimum time, in 250 
sigma, in 500 sigma and 1,000 sigma; in the experiments on 
force the subjects endeavored to pull the handle of a spring 
dynamometer with a force of 2, 4, 8 and 16 kg. In the 
experiments on extent no record was taken of the time of the 
movements, in the experiments on force no record was taken 
of the time, and in all except the 16 kg. pull the force was a 
direct function of the extent of the pull. For these reasons 
we believe that a comparison of the relative accuracy of the 
perception of time, force and extent cannot be derived from 
their experiments. 

Since we are mainly interested in the force of movements 
we will study a little more closely their experiments on this 
phase of the subject. The dynamometer they used moved 
6.4 mm. for every kg. up to 10 kg., for pulls of 10 kg. or more 
they changed the apparatus so that movement began at 
10 kg. and for each kg. above 10 the handle moved 6.4 mm. 
This means that in pulling a standard of 2,000 grams the 
subject had a standard extent of 12.8 mm. to strive for; in 
pulling a standard of 4,000 grams he had an extent standard 
of 25.6 mm.; in pulling a standard of 8,000 grams he had 
an extent standard of 51.2 mm.; and, in pulling a standard 
of 16,000 grams he had an extent standard of 38.4 mm. 

We have no way of telling what the variable errors of 
Fullerton and Cattell’s subjects would have been had they 
been given extent standards of these values. If they had 
experimented with such extent standards we could compare 
them with the extent errors when they used 2, 4, 8 and 16 
kilograms as standards and might thus ascertain whether 
the force pulls were influenced by the extent of the movements 
made. 

It might nevertheless be interesting to determine what 
the extent errors for the 12.8 mm., 25.6 mm., 51.2 mm. and 
38.4 mm. standards would have been on the basis of their 
extent experiments with 100, 300, 500 and 700 mm. standards, 
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if calculated by Weber’s or Cattell’s psycho-physical laws.! 
The ratio of error for the 100 mm. movement was for their 
subject F. one to 18.9.?__ If this ratio were to hold according 
to Weber’s law this subject would have scored a variable 
error of .676 mm. with the standard of 51.2 mm., I.42 mm. 
with the standard of 25.6 mm., 2.84 mm. with the standard 
of 51.2 mm. and 2.13 mm. with the standard of 38.4 mm. 
If on the other hand Cattell’s square root law held good this 
subject’s variable errors for the several linear magnitudes 
would have been respectively 1.90, 2.69, 3.79 and 3.29 mm. 
Now in their force experiments a pull of one mm. on the 
dynamometer which they used equalled nearly 156 grams. 
If then we transmute the linear errors into gram errors we 
will get the result shown in Table I. By comparing these 


TABLE I 


Tue RELATION BETWEEN THE VARIABLE Errors OBTAINED FROM SuBJECT F IN 
FULLERTON AND CaTTELL’s Force EXPERIMENTS AND THE VARIABLE 
Errors aS CoMPUTED FOR MoveEMENTS oF SIMILAR 
EXTENT FROM THEIR EXPERIMENTS ON EXTENT 
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Oe ee 183 280 
V. E. Weber’s law from extent exp............. 105 221 | 443 |332 grams 
V. E. _Cattell’s law from extent exp............-| 296 | 420 | 59% 1513 grams 


two sets of computed variable errors with the actual variable 
errors made by this same subject in the force experiment it 
will be seen that for the most part the actual! force errors 
fall between the force errors computed from the 100 mm. 
standard by the two methods. This is evidence enough at 
least to suggest to one the hypothesis that the force pulls 
were in large part guided by extent, and Fullerton and 
Cattell could have secured the results they did if their 
subjects possessed only a very crude perception of force as 
such. Theoretically this removes the disparity between the 


1 Cattell, J. McK., ‘On Errors of Observation,’ 4m. Jour. of Psychol., 1893, 5, 


285-293. 
2 Fullerton and Cattell, ‘On the Perception of Small Differences,’ Univ. of Penna. 


Publ. Philos. Series, 1892, p. 48. 

















THE PERCEPTION OF FORCE 27 


results of our experiments and those of Fullerton and Cattell. 
We found that the force a person exerted was determined 
by the resistance encountered and that the subjects could 
not consciously adjust the speed of their movements so as 
to use the same force in moving different masses. Fullerton 
and Cattell found that force could be judged better than time; 
but, as their subjects may have been judging by extent, any 
comparison of force with time or extent is ruled out. It 
remains for experiment to show whether this hypothesis, 
that the perception of force is largely dependent on other 
factors, can be proven and it is this we have attempted to do 
in the experiment we are about to report. 

An observation made by Professor Woodworth has a 
bearing on the problem.' He has shown that if the several 
factors that enter into a perception are perfectly correlated 
the variable error will increase in direct proportion to the 
stimulus (Weber’s law), while if the factors are not at all 
correlated but are operative in a purely chance way the 
variable error will increase in proportion to the square root 
of the stimulus (Cattell’s law). Where there is some correla- 
tion the error of observation will fall between the error 
required by the two laws. Now if all the causal factors of 
any perception are directly correlated, by the very nature of 
the case these factors must be relatively few, for by chance 
we mean a number of factors working indiscriminately, hence 
the larger the number of factors the greater the likelihood of 
a pure chance series. In Fullerton and Cattell’s experiments 
the variable error in time followed Weber’s law very closely, 
the variable error in extent followed Cattell’s square root 
law, and the variable error of force fell between. This would 
indicate that the perception of time is relatively simple 
compared with that of extent or force regardless of their 
relative accuracy, and we believe our experiments will show 
the complex nature of the perception of force and extent. 
This lack of correlation between the factors controlling the 
force of movements may account for the conflicting results 

1 Professor Cattell’s Psychophysical Contributions, in the Psychological Researches 
of James McKeen Cattell, Arch. of Psychol., 1914, No. 30, pp. 70-72. 
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obtained in experiments on the perception of force. Miiller 
and Schumann found that under certain conditions the per- 
ception of lifted weights correlated with the speed with which 
they were lifted. Cattell varied the speed and found per- 
ception as accurate as before. If weights are judged by a 
number of non-correlated factors, a subject could readily 
shift from one basis of judgment to another. We feel that 
in the study of the subject this fact should receive strong 
emphasis. If we are studying a form of perception which 
depends upon, let us say, five correlated factors and we 
experimentally interfere with one factor, the total perception 
will be changed more radically than would be the case if we 
were to interfere with one element in a perception that 
depended on five factors operating in a purely chance manner. 
Translated into the terms of our problem this would mean 
that, if the perception of force depends on several non- 
correlated factors, under normal conditions the subject will 
judge the force of his movements; or, in objective terms, the 
error in his movements will be determined by all, several or 
perhaps only one of these factors. Suppose his force move- 
ments are determined largely by time; then, if time is varied 
he might shift to extent. If extent were varied or eliminated 
he might revert back to time unless it were still controlled. 
If both time and extent were eliminated, skin and muscle 
sensations might be called upon to bear the larger part in 
the force control and judgment. If, therefore, force depends 
upon one factor the control of this would perfectly control 
the error of a force movement. If it depends on several 
partially correlated factors the relative importance of the 
different factors could be determined experimentally. If it 
depends on several chance factors the only way to change 
the error and judgment of force would be to have adequate 
control of all the factors. We believe our results will show 
that Woodworth was right in his theory, and that force 
depends on a number of partially correlated factors. We 
may also be able to show the relative importance of some 
of them. 

If it is possible to show that this is the case it may shed 


THE PERCEPTION OF FORCE 29 


some light on what we mean by adaptation. It is possibly 
nothing more than an evidence of the multiplicity of causes 
underlying activity of any sort. If the causes of an act are 
few or closely correlated, adaptation will be less complete 
than if the causes are numerous and related only in a random 
way. 
II. GENERAL PLAN oF THE EXPERIMENT 

To arrange an experimental procedure which would show 
what determines the control and judgment of the force of 
movements was our problem. Three major experimental 
variations were used, the same general procedure being used 
in all. The general procedure was to inform the subject of 
the task; that is, whether to attempt to make a movement 
of a certain length or to pull with a certain force. Having 
received his instructions he was given twenty-five practice 
trials, the amount and direction of his error being given 
after each trial. After this practice series the movements 
were made in pairs. In the first of each pair the subject 
tried to produce the standard, while in the second he tried to 
reproduce the first. This is the procedure devised by Cattell 
and Fullerton and it permits the subject to make his own 
standard for each movement and gives a much more accurate 
record of the subject’s perception and control than if the 
arbitrary standard was used as a base from which to compute 
the errors. After the second movement of each pair the 
the subject gave a judgment as to the direction of the dif- 
ference between the two. After he had given this report 
the experimenter told him the direction and amount of error 
of the second of the pair when compared with the arbitrary 
standard given at the beginning. He was thus enabled to 
make an intelligent effort to correct the first movement of 
the next pair which we will call the standard. He was not 
told whether his judgment as to the direction of the error 
between the two pulls was correct or not. Fifty pairs in 
addition to the twenty-five practice movements constituted 
one experimental sitting. 

The experimental variations were as follows: 

1. The subject was instructed to pull with a certain force 
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and corrections were given him in terms of the number of 
grams too heavy or too light. In all these experiments the 
extent of the pulls was the same for each standard force 
from 2 to 16 kg. ‘Time records were taken for each pull, the 
chronoscope starting when the pull began and stopping the 
instant the return stroke was initiated. 

2. With a change in the arrangement of springs on the 
dynamometer between experimental sittings the subject was 
given instructions to pull a certain distance and corrections 
were given in terms of millimeters too long or short. Time 
records were taken for each pull, as in the previous procedure. 

3. The subject held his arm as nearly stationary as possible 
and the experimenter increased the tension, the subject calling 
out when he judged that the tension had reached the required 
amount. 

An experimental sitting consisted of 25 practice pulls 
followed by 100 paired pulls with one set of springs. A 
set of experiments included experiments with 2, 4, 6, 8, 10, 
12, 14 and 16 springs. Including the 3,200 practice pulls 
the experiments to be reported are based upon 16,000 pulls 
and 6,400 judgments. 

The sequence of the experiments was varied with the 
different subjects so that when averaged together practice 
effect was eliminated in the average scores. Subjects 4, B, 
C and D had an entirely different order from FE, F, G and H. 
In addition the sequence for 4 and B was exactly the reverse 
of that for C and D, and that for FE and H the exact reverse 
of that for F and G. . 

The subjects in the experiment ranged from those who 
were highly trained in experimental psychology and labora- 
tory procedure to those distinctly untrained. We could find 
no tendency for the untrained to differ specifically from the 


trained. 
III. DescripTION oF APPARATUS 


The dynamometer consisted of a handle connected to a 
rod which ran on roller bearings so as to minimize friction. 
From this rod projected a smaller rod at right angles which 
moved an indicator before it as it made the forward stroke. 
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On the return stroke this rod left the indicator, thus giving 
the experimenter an opportunity to read the extent of the 
movement from a millimeter scale which was attached to the 


Q 








L 


Fic. 1. Outline of Dynamometer and Dunlap Chronoscope with Electrical 
Connections. 4 is the handle of the dynamometer which connects with the rod B 
which in responding to pulls on the handle works on roller bearings at Cand D. E 
and F are plates each equipped with 16 hooks upon which may be fastened 16 springs 
in parallel. H and J are the two sets of magnets in the Dunlap chronoscope. The 
magnets H are connected to the armature of a synchronous motor which is in motion 
throughout the experiment. When everything is set for a pull the rod at M is con- 
nected both through the magnets J by a contact which breaks as soon as the handle 
moves forward and through the magnets H by a contact with the marker which rides 
on the scale N. At Z is inserted a Dunlap key (omitted in the drawing for the sake 
of clearness) which closes the contact through J an instant before it closes that through 
H, thus making certain that the armature J is against the stationary magnets /. 
The breaking of the contact through the magnet J at the beginning of a pull permits 
the armature to be pulled away from the stationary magnets / to the revolving magnets 
H and the indicator K begins to revolve. The beginning of a pull likewise breaks a 
contact at O which breaks an independent circuit through the relay P. The armature 
of the relay being released falls back and makes a contact at Q which reconnects the 
circuit through the magnets J of the chronoscope. The armature of the relay is so 
adjusted that the remaking of the current would not be strong enough to pull it up 
and so the breaking of the contact at Q is not accomplished until the experimenter 
pushes it up with his hand. This prevents any inadvertent starting of the chrono- 
scope. The forward movement of the handle moves the indicator along the scale NV 
and as soon as the return stroke is initiated the contact through it and the rod M 
through the revolving magnets of the chronoscope // is broken, thus allowing the 
magnets J to pull the armature J forward and stop the chronoscope. 
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dynamometer. After reading the indicator was returned to 
O. An electrical contact was broken when the arm left its 
back stop at the beginning of a pull and a second contact 
broken when the rod left the indicator at the beginning of the 
return stroke. These two break contacts operated the mag- 
nets of a Dunlap chronoscope. The details of the chronoscope 
connections and operation are shown in Fig. 1. The rod 
attached to the handle of the dynamometer had at its other 
end a plate upon which were 16 hooks. This plate faced 
another similar plate which was fixed to the other end of the 
dynamometer. Between each of these 16 pairs of hooks 
springs could be placed or removed as desired. They were 
however always used in pairs so as to prevent lateral torsion. 
This was accomplished by using together two springs on a 
line with the center of the rod and equidistant from it. The 
springs were as nearly alike as possible but were carefully 
calibrated and the variations that were found were taken 
into consideration in the records. An extension of 175 mm. 
required a pull of one kilogram on a single spring. By 
arranging, in different experiments, 2, 4, 6, 8, 10, 12, 14 and 
16 springs in parallel we were enabled to use standards of 2, 
4, 6, 8, 10, 12, 14 and 16 kilograms and in each case keep the 
extent of the movement the same. 

In the experiment where the subject held his arm sta- 
tionary a second handle was attached by a wire to the rear 
end of the dynamometer, which in this case was suspended 
from two standards and the movable end connected to a 
windlass which the experimenter operated to tighten the 
springs. ‘The subject held the handle as near to an index 
point as possible throughout the experiment and consequently 
the dynamometer and the handle he held only moved with 
the waverings of his hand. In every case the dynamometer 
was screened from the subject, and when he made arm move- 
ments a screen was placed between his arm and body so 
that he could not observe his movements. 


IV. REsuLTs 


In the first experiment the subjects were required to pull 
2, 4, 6, 8, 10, 12, 14 and 16 kilograms, a different force being 
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asked for at each experimental sitting, the sequence of the 
different forces being determined by chance. Records were 
taken of the extent error and the time of each pull. The 
force errors were later computed from the extent error. In 
this series four subjects 4, B, C and D were used and their 
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force, extent and time errors are given in Tables II., III. 
and IV. In each of the tables four records are given for 
each subject for each set of springs used. ‘The first is the 
average force, time or extent of the first pull of each pair, 
called the standard. The second score is the average error, 
that is, the average difference between the first and second 
pulls. The third score is the variable error showing the 
variability in the size of the error between the first and second 
pulls. The last record is the ratio of the variable error to 
the standard. 

In this experiment the extent factor was the same with 
all the various forces used. ‘The subject could pull the handle 
different distances, as there was nothing on the apparatus to 
prevent this (except that a stop was arranged so that he 
could not pull hard enough to damage the springs), but if 
he pulled the exact force standard the extent of the movement 
would be the same for each force standard. ‘The time factor 
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was not controlled in any way, the subject being left free to 
pull as quickly or as slowly as he pleased. 


TaBLeE II 


Force Recorps 1n Mo. or 1,600 EXPERIMENTS IN WHICH THE SuByects AT- 
TEMPTED TO PropucE Two Movements or Equat Force, AND IN WHICH CoRREC- 
TIONS WERE GIVEN IN GRAMS. 


Set Standard...... 2 4 6 8 10 12 14 | 26 Kg. 





Subject A: 
Av. of stand- 

ard pull.... 1,980 3,910 5,766 7,970 9,893 11,906 13,923 15,744 

- 5 618 


err 107 162 244 502 304 360 540 
Average error.) 102 246 264 304 325 354 | 469 584 
Variable error, 64 138 162 188 210 234 245 344 
Ratio V. E. to 
stand... 30.9| 20.3) 35.6| 42.4 47.1 50.9 56.9 45.8 
Subject B: 


Av. of stand- 
ard pull... 2,020 |4,126 6,012 (8,008 | 9,885 (11,460 (14,091 (15,984 
: Oe : ean 46 190 315 305 458 | 456 582 | 736 
Average error 134 | 232 | 330 | 388 650 | 666 | 560 824 
Variable error; 85 | 156 S89 | tps. | 290° [ “$24.)|. 3209 496 
Ratio V. E. to 
stane......1 a9e- | 264 | 3945 | gar | 4970! sh8 42.8 32.2 
Subject C: 
Av. of stand- 
ard pull..../1,943 (3,946 5,902 7,972 10,099 11,974 13,780 15,887 





Ye ) Sane 89 1Ql 250 358 434 440 470 420 
Average error| 117 251 395 310 479 492 549 507 
Variable error, 65 | 138 167 181 334 | 278 311 288 
Ratio V. E. to 

stand... .... 20.9; 28.6) 25.3! 44.1 30.0 43 44-3 55-1 


Subject D: : | 
Av. of stand- 


ard pull....|2,008 (4,093 (5,980 (8,094 | 9,789 (12,026 (13,789 |16,025 
SS 73 154 197 237 360 307 501 404 
Averege error! 86 126 237 274 418 516 600 507 


Variable error, 60 78 145 156 266 396 358 | 294 
Ratio V. E. to 


stand......) 334| 67.3] 4f.2 518 | 36.8 30.4 38.4 54-5 
Averages: 
Standard pull |1,987.7 4,018.7 |5,915 (8,011 | 9,916 (11,841 (13,896 15,910 
A.D.........| 78.7} 174.2! 251.5| 380.5| 380 407.3\| 548.7| 561.7 
Average error} 109.7| 213.7) 306.5) 319 | 468 507 544-5, 605.5 
Variable error| 68.5! 127.5) 165.7; 179.2} 260 308 310.7| 355-5 
20.0 | ri ce ee 30.0 45.0 40.0 


Reetie. 4. 5..: | 30.0 

Before we examine the experimental results in detail 
it may be well to consider the relation of some of the factors 
involved and what certain results would mean. This will 
give a point to the presentation of the results, and give their 
exposition greater clearness. If the subject used extent as 
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a basis of control the extent errors should have been nearly 
the same in all cases, which would of course mean that the 
force errors would vary in conformity with Weber’s law. 
If the time errors appear the same with all forces, it would 
indicate that time might help the subject to control force. 


Taste III 


Extent Recorps 1n Grams oF 1,600 EXPERIMENTS IN WHICH THE SUBJECTS 
ATTEMPTED TO PropucE Two MoveMENnts oF Equal Force, AND IN WHICH CORREC- 
TIoNS WERE GIVEN THEM IN GRAMS. 




















Set ‘estes. ee = sS in | 6 | 8 ro | «12 14 16 
Subject A: 
Av. of standard pull. . .|171.92 1168. 54 |164.2 = 169.86 |174.44 173.92 |172.8 
Re ee | 10.68| &, 08 | 8.12) 14.04| 6.08| 6.0 7.8 7.72 
Average error......... | 10.2 | 12.3 8.8 | 7.6 | 6.5 5.9 | 6.7 7.3 
Variable error......... | 6.4 | 69 2 oe oe | 42 | 3.9 3.5 4.3 
Ratio V. E. to stand. ..| 26.9 | 24.4 | 30.4 | 30.4 | 40.4 | 44.7 | 49.0 | 40.2 
Subject B: F 
Av. of standard pull. . .|176.04 179.28 '172.4 |172.2 |169.7 167.62 176.3 175.8 
Se rer 4.6 | 9.52 ae 9.12} 9.16) 7.6 | 8.32} 9.2 
Average error......... | 13.4 | 11.6 | I1.0 9.7 | 13.0 | I1.1 | 8.0 | 10.3 
Variable error......... ac i 7s 6.3 | 4.8 | 4.6 5.4 4.7 6.2 
Ratio V. E. to stand. ++] 20.7 | 23.0 | 27.4 | 35:9 | 36.0 | 37.0 | 37.5 | 28.3 
Subject C: | 
Av. of standard pull. . . 168.28 |170.28 168. 74 1171.3 |173-98 |175.56 |171.86 |174.54 
A. D Pe eelhenae er 6 eeees &. 02; 9. 56 | 8.3 32 &. 96 | 8. 68 | 7-44 6. 80| 5: .30 
Average error......... | 11.66 | 12.56 | 13.16} 7.74| 9.58| 8.2 7.84| 6.34 
Variable error. ...| 6.52] 6.92] 5.56) 4.52) 6.68] 4.64! 4.44| 3. 6 
Ratio V. E. to stand. ..| 25.8 | 24.7 | 30.3 | | 38.0 | 25.9 | 37.8 | 38.7 | 48.5 
Subject D: | | 


Av. of standard pull. ..|174.8 | '177.64 |171.34 | 174. 36 |167.78 176. 44 171.98 176.3 










Mats te hh ose DRS | 7.27) 7.72| 6.5 5.902| 7.2 | 6.12) 8.45 a 
Average error......... | 8.64| 6.3 7.9 6.86| 8.36] 8.6 8.56; 6.34 
Variable error......... 5-97; 3-88/ 4.84! 3.9 5.32| 6.6 §.12| 3.68 
Ratio V. E. to stand. ..| 29.3 | 45.8 | 35.5 | 44.7 150) 26.7 | 33.6 | 47.6 
Averages: 
Standard pull......... 1172.6 1173.93 169.17 172. 28 | |170.33 1173.51 172.51 |174.86 
SS Aree 7.87! 8.72| 8.38| 9. 51 | 7.78| 6.79| 7.84| 7.02 
Average error.........| 10.97] 10. 69 | 10.21} 7.97} 9.36| 8.45) 7.77| 7.5 
Variable error......... | 6.85| 6.37] 5.52| | « tt . 20| 5.13) 444| 4-44 
Ere 25.08 | 20.47| 30.0 | 38 75| 33: 67 | 35.05) 30.85| 41.15 


If the subject’ were ignorant of the relation of force and 
extent and could only judge time, the force and extent errors 
might show an interrelation and the time errors be the same. 

In the actual experimental results the force errors (Table 
II.) increase with the size of the stimulus, not as rapidly as 
would be required by Weber’s law and more rapidly than 
would be required by Cattell’s square root law (see Fig. 3). 
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TABLE IV 


Time Recorps 1n SIGMA OF 1,600 EXPERIMENTS IN WHICH THE SuBjEcTs AT- 
TEMPTED TO PropucE Two MoveMEnts oF Equat Forcr, AND IN WHICH THE 
Corrections WERE GIVEN IN GRAMS. 






























































Set Standard bevamans 2 4 | 6 | 8 | 10 12 14 26 
Subject A: | 
Av. of standard 
DUN scéwmcecs ¥,309 13,235 | 1,485 11,725 |1,425 | 1,224 11,363 | 967 
| Sa 174 07 108 266 99 127 85 | 424 
—— error..| I17 116 118 201 113 gI 68 81 
ariable error.. 83 64 84 112 7 52 2 55 
Ratio V. E. to 4 ‘ . _" 
ee 16.8 19.3 9 15.4 18.1 23.6] 27.7| 17.6 
Subject B: 
Av. of standard 
eee 516 430 462 527 562 432 492 | 601 
See 57 25 40 53 37 30 43 47 
Average error. . 51 33 39 52 41 2 2 56 
Variable error.. 31 22 24 31 28 27 31 42 
Ratio V. E. to: 
stand........| 16.6] 19.6) 10.3) 417.0! 20.4| 416.0) 15.0| 14.3 
Subject C: 
Av. of standard 
a ee g18 945 | 1,105 827 | 891 916 |1,012 | 782 
5. eer 77 8&4 07 40 | 44 61 65 42 
Average error. . 71 86 86 47 | O61 75 76 43 
Variable error..| 44 50 | 47 30 | 41 40 48 29 
Ratio V. E. to | 
| 20.9 18.9 23-5 27.6 21.7 22.9 2m.) 270 
Subject D: 
Av. of standard 
pull......... 441 | 447 | 442 | 438 | 439 | 413 | 433 | 455 
Sees 20 19 17 13 15 19 16 24 
Average error. . 19 24 24 22 19 22 18 27 
Variable error. . II 14 15 12 II 15 II 14 
Ratio V. E. to 
SUOE.. 5: 40.0 31.8 20.4 36.5 39.9 27.6 39.4) 32.5 
Averages: 
Standard pull..} 817 764 873 879 829 746 775 | 701 
* OS) ARE sae 82 50 65 04 49 59 | §2 59 
Average error. . 64 65 67 80 58 - | = $2 
Variable error.. 42 37 42 46 40 - | 35 
eee 23.6 22.4 22.5 24.1 25.0 22.5| 26.0} 22.8 
According to Woodworth’s interpretation referred to above 
this would mean that force is not controlled by factors 
perfectly correlated nor operating by pure chance. Time 
seems to have some part to play (Table IV.), since the ratio 
of the errors to the standard time (that is, the time of the 
first pull) is about the same with all forces. It cannot, 
however, be the controlling factor, since the relative error is 
greater than either force or extent. 
) 
%, 
$ 
* 
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An examination of the average and variable error records 
(Table III.) shows that as the resistance to a movement is 
increased the ability to make two movements of the same 
extent is increased while on the other hand the ability to 
reproduce a standard pull (shown by the average deviation 
of the standard) is the same regardless of the resistance 
opposed to the movement, which means that the production 
of a standard force increases in direct proportion to the 
magnitude of the force (Weber’s law). This together with 
evidence we will presently adduce points to the importance 
of extent in judging force. 


TABLE V 


Extent Recorps 1n Mo. or 1,600 EXPERIMENTS IN WHICH THE SuBJEcTS AT- 
TEMPTED TO PropucE Two Movements or EquaL EXTENT, AND IN WHICH THE 
CorrEcTIONS WeErE GIVEN 1n Mo. 


Number of Springs......... 2 | 4 . ¥ 8 | 10 12 | 4 16 
- 
| 














Subject A: 


































| 
Av. of standard pull. ..}172. - 168. 78 |173.02 |168.22 {171.94 |173.4 |171.62 |174.06 
a Ee eer 6.1 6.2 8.72 "6 72| 6.64| 4.03| 6.24| 6.24 
Average error......... a 74 I 9.4 10.4 6.9 | 5.0 | 5.26] 6.7 
Variable error......... | 5.8 | 22 | 5.68] 5.7 | 4.2 | 29] 3.24] 3.9 
Ratio V. E. to stand. ..| 29.7 | 80.3 | 30.5 | 20.7 | 40.9 | 50.0 153 | 44.7 
Subject B: | 
Av. of standard pull. ..|182.58 |177.3 |175.4 |179.2 |178. 72) 172.86 |172.72 |171.78 
ee a ais oa renee oes 13.42| 11.86| 7.34| 7.02| 7.2%| 888) 5.56| 5.36 
Average error......... 15.7 | 7.92] 10.0 | 9.2 7.1 | 8.9 6.3 | 5.1 
Variable error......... 74 4.4 5.6 | 5.0 3-3 | 2.3 4.4 2.7 
Ratio V. E. to stand...| 25.7 | 40.3 | 31.3 | 35.8 | 54.2 | 75.0 | 39.2 | 63.6 
Subject C: 
Av. of standard pull... |167.68 163.56 | 160.62 |174.88 '173.52 |166. 48 | 168.06 |177.12 
St arr 11.96 | 9.4 | 11.76) 6.76) 8.08; 8.48| 8.2 8.88 
Average error......... 13.04] 12.62] 10.52! 5.8 | 9.14'| 9.28] 9.7 9.34 
Variable error.........| 6.6 | 7.48| 6.55! 3.8 | 5.56! 5.24] 675] 5.0 
Ratio V. E. to stand...| 25.4 | 2r.9 | 24.5 | 46.0 | | 37-3 | 31.8 | 24.90 | 35-4 
Subject D: | 
Av. of standard pull. ../174.24 |175.46 |181.9 1173. 88 178 04 |174.68 |175.02 . 44 
|S See ne | 7.0 $32 7.32| 6.08) 8.04) 824 | 5.1 50 
Average error......... | 9.58] 10.44] 9.72) 10.04] 8.7 8.34] 8.94 9.28 
Variable error......... | §.56| 5.85] 5.03) 6.55! 5.28) 5.12! 5.36] 6.32 
Ratio V. E. to stand. <f 31.4 30.0 | 360.1 | 26.5 | 33.8 | 34.0 | 32.7 | 26.0 
Averages: 
1 Sree 174. 17 | % 27 1172.73 |174.04 |175.55 |171.85 |171.85 |173.1 
RE ihe csi ik 356, ve os | 9.78} 8.04] | “8. 78| 6.87| 7.49| 7.37| 6.27) 7.01 
Average error......... | 12.08] 9.52! 9.91| 8.86| 7.96! 7.88! 7.55] 7.61 
Variable error......... 4 6 26 | 4.96 | §-71| 5.26] 4.58 3.89] 4.94] 4.48 
Ratio.. TUCLEN TOE E Te <j 28 0.05 | 43.12 | 30.6 34.5 | 40.02| 50.2 | 37.45| 42.05 


With the same subjects another experiment was tried in 
which they were told to pull the handle a certain distance 
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and corrections made in terms of millimeters. A sitting was 
given with each group of springs used in the force standard 
experiments. Here an error of 100 grams with two springs 


TaBLe VI 
Time Recorps 1n SIGMA OF 1600 EXPERIMENTS IN WHICH THE SuBJECTS AT- 
TEMPTED TO Propuce Two Movements oF Equat EXTENT, AND IN WHICH THE 
Corrections WERE GIVEN IN Mn. 

















Number of Springs... 2 4 | 6 8 ; to | 12 | 14 16 
Subject A: | 
Av. of stand- 
ard pull..../ 1,015 | 1,149 |1,400 |1,374 | 1,212 | 1,031 | 1,345 | 1,352 
ene 68 106 I7I 147 92 | 48 | 79 100 
Average error. 60.2 87.4] 138 125 85.6 52.5 99.8 96.8 
Variable error.| 39.1 25.8 92.5 65.4 44.2| 37.2 | si 58.3 
Ratio V. E. to 
Se 26.0 44.5 15.2 21.0 af4| a77| 202 23.2 
Subject B: 
Av. of stand- 
ard pull. . 503 488 432 476 616 513 497 550 
, SS: ee 39 37 24.5 41.2 21.6 28.2 26.5 33.1 


Average error. 44.8 38 33.6 33-4 40.3 40.3; 28.6 26.6 
Variableerror.| 26.7] 20.3 23.3 20.3 25.5 23.8 16.7 20.5 
Ratio V. E. to 

















ee 18.9| 24 78.6; 23.4| 24.7) 27.6) 298] 268 
Subject C: 
Av. of stand- 
ard pull. . 955 | 942 | 545 | 1,155 {1,045 | 924 | 762 | 1,035 
/ o : ee 84.4 70 84.7| 103.5 70.9 71.7| 58.6 606.7 
Average error. 70.1 64.2 53-3 37.8 61.7 72.3 57-3 89.0 
Variable error.| 48 37.3 31 56.8 37.3 41.8 38.5 te 
Ratio V. E. to 
ee 19.9 25.3 17.6 20.4 28 22.1 19.8 20 
Subject D: 
Av. of i 
ard pull.. 479 428 512 441 418 504 470 448 
- 3 SO ape 25-4) 27.0) 34.%| 20.5 19.6| 27.9| 47.2 16.8 


Average error. 31.4 30.7 “4: 385 30.0 25.0 45-7 29.7 
Variable error. 16.4 20.6 22.9 19.4 19.7 19.4 30 18.9 
Ratio V. E. to 





etend.....i5..£ 20.2 20.8 22.4 22.7 21.2 26.0 15.7 23.7 
Averages: 
Standard puil.| 738 752 722 861 823 743 768 846 
| | aes 54.2 60.2 78.6| 78 51 44 528) 54 


Average error. 51.6 55 4.71 57.2 54.4 47-5 57.8 60.5 
Variable error. 32.5 26 42.4 40.5 31.7 30.5 34.2 37.3 
MN <> «sino a5 28.6 18.4| 27.9 25.1 24.3 22.8 23.4 


























would involve the same extent error as an error of 800 grams 
with 16 springs. ‘The records of this experiment are however 
not materially different from the records when a force standard 
was used (Tables V. and VI.). When identical conditions 
exist efforts to reproduce a standard force or a standard 
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extent produce identical results (see Fig. 3). When stated 
in terms of force we have found that as the magnitude of the 
stimulus increases the variable error increases more slowly 
than in direct proportion to the stimulus, but more rapidly 
than in proportion to the square root of the stimulus. When 








Fic. 3. This graph shows the force records of subjects 4, B, C and D, when 


they were guided by both a force and an extent standard, compared with the records 


that would be expected from Weber’s and Cattell’s psycho-physical laws. 


stated in terms of extent we have found that as the resistance 
offered to a movement of the same extent increases the 
accuracy with which the movement can be reproduced in- 
creases. We cannot however make too much of this point 
because, as we shall show later, our other four subjects do 
not show this reaction. We may suggest as an explanation 
that our later four subjects may have used cxtent as a basis 
of judgment to a greater extent than did our first four. 

With the end in view of examining further this relation 
between force and extent, it was planned to eliminate extent 
altogether and to see what effect this would have upon the 
subject’s judgment and control of force. The dynamometer 
was suspended so that it would swing freely, the subject 
grasped a handle fastened to the rear of the dynamometer, 
and the experimenter increased or decreased the tension by 
means of a windlass attached by a cord to the handle. In 
this experiment, as before, twenty-five practice trials were 
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given, after which the pulls were made in pairs. The spring 
was tightened until the subject gave a vocal signal that what 
he deemed was the standard had been reached. All the ten- 
sion was then removed and again the spring tightened until 
the subject gave the signal. The spring was tightened with 
approximately the same speed that the subjects used in 
making the movement themselves. Of course with such a 
procedure a greater variability would appear in the results 
due to the introduction of the reaction time of the experi- 
menter. However, this increase in the error records would 
be the same regardless of the amount of the force standard 
and so would not prevent a study of the relations of the 
different force standards. 
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Fic. 4. This graph shows the force records of subjects £, F, G and H when they 
were guided by a force standard in pulling the dynamometer compared with the 
records that would be expected from Weber’s and Cattell’s laws. 


As new subjects (Z, F, G and H) were used in this experi- 
ment, additional experiments were made with them using 
the same procedure as with the subjects 4, B, C and D, with 
the exception that no time records were taken. Contrary 
to the former results, the variable errors (Table VII.) fol- 
lowed very closely Weber’s law (Fig. 4). This means that 
these subjects made errors of approximately the same extent 
when pulling with a standard force of 16 kilograms as with a 
force standard of 2 kilograms, indicating that they were 
largely influenced by extent. The records where extent was 
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TasBie VII 


Force Recorps 1n Grams oF 1600 EXPERIMENTS IN WHICH THE SUBJECTS, 
ATTEMPTED TO PropucE Two Movements oF Equa Force, AND IN WHICH Cor- 
RECTIONS WERE GIVEN THEM IN GRaMs. 








! ' 


























Set Standard... ‘2 2 4 6 | 8 ro 18 | 14 | 16 
Subject E: | | | 
Av. of stand- | 
ard eaniee 1,981 |4,027 [5,910 |7,634 | 9.718 |12,520 |13,427 {15,819 
A. D;. | 46 | 122 | 100 | 351 | 470 | 478 | 636 508 
Av erage error 49 | 142 | 263 | 546 | 649 | 439 | 593 544 
Variable error} 28 | 72 150 | 290 | 298 | 249 | 291 326 
Ratio V. E. to} ‘ 
etand...... | 70.7| 29 39-41 20.3) 32.0) 50.3 46.2 48.5 
= Fs: | | 
of stand-| 
"ad auth 2,033 |3,992 [6,134 |8,162 | 9,900 {12,275 {13,744 |16,495 
A. D.. | : 4 144 | 207 349 382 508 683 | 605 
Av erage error “| 109 | 180 246 296 7 424 | 366 
Variable error 73, | 80 104 109 170 | 272 | 225 
Ratio V. E. to! | 
stand.. | 39.8) 54.6) 76.6| 78.5 90.8 72.2 50.6| 74.6 
— G: | | 
of stand-| 
ard pull.... = 3:972 15,771 |7,700 | 9,643 |11,506 |13,581 [15,086 
AD csi. es] Oe 160 | 288 372 | 362 | 577 | 4518 | 828 
Average error] 108 236 431 510 467 | 1 | 794 1,374 
Variable error} 70 133 204 254 263 | yon | 369 | 544 


Ratio V. E. to 

stand......| 42.2] 29.7| 28 30.3 go8| 209 36.8| 27. 
Subject H: 
Av. of stand-| 


N 























ard pull....| 1,999 [4,090 [5,969 [7,992 {10,275 112,149 14,270 |16,210 
|S : eee ar 03 175 262 | Se 3106 515 | 528 
Average error | 71 107 159 259 | 286 | 253 335 | 466 
pet “4 ge "| 34 73 100 141 | 163 168 231 | 330 
not agg | 58.8 56.1 56.7 | 56.7 | 63.4 72.3 61.8 | 49.2 
es ht. hk 
Standard pal 12,027 |4,020 15,946 |7,872 | 9,884 |12,112 |13,755 |15,902 
a B.. | 92 130 240 | 333 302 | 470 588 | 640 
Average error} 78 148 258 | 390 | 424 | 546 526 | 687 
Variable error | 46 88 133. | 197 | 201 | 285 291 | 355 
Ratio 52.9| 42.3) 50.2) 48.0\| 56.9 | 53.0 48.8| 50.0 


eliminated do not follow Weber’s law but fall between Weber’s 
law and Cattell’s law (Table VIII. and Fig. 5). This result 
is not merely a result of the difference in method, but a result 
of the elimination of extent. Evidence for this is given by 
a study of the judgment thresholds. As we noted above 
after each pair of pulls the subject gave his judgment as to 
whether the second was heavier or lighter than the first. 
From these judgments thresholds were calculated and are 














42 JOHN J. B. MORGAN 


TaB_e VIII 


Extent Recorps 1n Mm. oF 1,600 ExperIMENTS IN WHICH THE SUBJECTS 
ATTEMPTED TO PropucE Two Movements oF Equa Force, AND IN WHICH CoRREC- 
TIONS WERE GIVEN IN GRaMs. 











Set Standard.............. 2 4 6 8 | 10 12 m2 ae 
Subject E: 
Av. of standard pull. ../172.1 |174.34 |169.04 |162.86 | 166. 36 |184.66 | 166. 82 173-74 
ere ee 4.64| 6.12| 6.64| 8.76) 9.4 7-:06| 9.08| 7.48 
Average error......... 4-92| 7.1 8.78] 13.66/ 12.98] 7.32 g. 46| 6.8 
Variable error......... 2.8 3.6 5.0 | 7.24] 5.96] 4.16] 4.16] 4.08 


Ratio V. E. to stand... 67.5 | 48.5 | 33.8 | 22.5 | 27.0 | 44.4 | 40.2 | 42.6 
Subject F: 


Av. of standard pull. .. |177.28 |172.56 |176.46 |176.04 |170.00 |180.58 |171.34 |182.18 
ERS eee re 13.52| 7.2 | 9.92| 8.72| 7.64] 8.64| 9.76| 7.56 
Average error......... 8.52} 5.44] 5.98! 6.14] 5.92] 6.24| 6.06] 4.58 


Variable error......... 5-14] 3.64] 2.68] 2.6 2.18] 2.84] 3.88] 2.76 
Ratio V. E. to stand. ..} 34.5 | 47.4 | 65.5 | 67.6 | 78.0 | 63.6 | 44.2 | 66.0 
Subject G: 





Av. of standard pull. ..|183.54 {171.62 |164.38 |164.5 | 164.86 |167.76 |169.02 |164.58 
2 en ne 10.72} 8.02} 9.6 9.32| 7.24| 9.04| 7.4 | 10.36 
Average error......... 10.84] 11.8 | 14.34] 12.76! 9.36| 18.66! 11.36| 17.18 
Variable error......... 7.04} 6.68} 6.8 6.4 4-72| 9.2 5.28] 6.92 
Ratio V. E. to stand. ..} 26.1 | 25.7 | 24.2 | 25.7 | 34.8 | 18.2 | 32.0 | 23.8 
Subject H: 

Av. of standard pull. .. {173.9 |177.52 |170.98 |171.8 |177.7  |178.48 |178.86 |178.62 
PS eee 8.02} 4.64| 5.84| 6.56) 7.08| 5.28| 7.36] 6.6 

Average error......... 7.06} 5.36] 5.3 6.34] 5.72] 4.22} 4.78] 5.84 
Variable error......... 3.4 3.64| 3.32] 3-52] 3.26] 2.8 3.3 4.13 


Ratio V. E. to stand. ..| 57.4 } 48.8 | 51.8 | 48.8 | 54.5 | 63.7 | 54.2 | 43.2 
Averages: 





























Standard pull......... 176.6 {174.01 |170.09 |168.8 |169.73 |177.87 |171.51 |174.78 
ers 9.22} 6.49| 8.0 | 8.34) 7.84| 7.88| 84 | 8.0 
Average error......... 7.83| 7.42| 8.6 9.72| 8.5 g.11| 7.66] 8.6 
VArebie CITOF..... 0.005. 4.6 4-39| 4-45] 4.94] 4.03] 4.75] 4.15] 4.47 
rt re 43-3 | 42.6 | 43.82| 47.15| 48.8 | 47.48 | 42.65} 43.0 











Fic. 5. This graph shows the force records of subjects E, F, G and H when 
they held the arm stationary in judging the tension of the spring compared with the 
records that would be expected from Weber’s and Cattell’s laws. 
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given in Table IX. In the experiments where the subjects 
made arm movements in pulling the dynamometer the 
threshold follows Weber’s law (Fig. 6); where the subject 
held his arm stationary it falls between Weber’s law and 


TaBLe IX 


Force Recorps 1n Grams oF 1,600 EXPERIMENTS IN WHICH THE SUBJECTS 
ATTEMPTED TO JUDGE THE Points 1n Two Successive TRIALS WHEN THE TENSION 
on A HANDLE, wHicw Was HE tp Stationary, Was Equal. 


Set Standard.....| 2 4 6 8 | 10 12 14 16 











Subject E: | 
Av. of stand-| | 
ard tension.|1,992 |3,986 (6,006 (7,623 9,973 [11,069 | 13,846 |16,470 


Stand......| 24.90) 36.2| 26.3) 30.0) 
Subject F: 
Av. of stand- 
ard tension 


ADiiccosccect 268 1 ie 208 302 | 318 | 482 | 358 390 
Average error | 157 188 | 350 | 543 337. ; 605 | 690 400 
Variable error} 80 | I10 | 228 | 254 212 | 341 | 448 | 202 
Ratio V. E. to 
| | | | 

47 o| 32.4 | 31.0 | ol.§5 

| | ! 

| 


| | | 
2,141 |4,413 (6,464 |8,422 |10,224 [12,814 [14,384 [16,357 


A. D.......+0| 240 234 | 257 22 | 452 | 396 | 617 007 
Average error} 109 201 361 343 | 581 | 433 | 686 | 604 
Variable error} 56 | 105 190 | 192 | 286 | 199 | 350 | 358 
Ratio V. E. to 
stand......| 38.2] 42.0| 34.0] 43.8 35.8 | 64.4 41.0 45.7 


Subject G: | | | 
Av. of stand- 
14,475 |10,906 


} 
| 
ard tension.|2,184 |4,000 (5,996 | 8,280 |10,542 |12,24 
Vee ie 182 | 280 | 363 | 338 | 451 484 739 
Average error| 172 190 401 354 | 498 458 | 663 1,133 
Variable error! 102 123 | 208 181 306 214 | 624 560 
Ratio V. E. to 
StAG......:1 S84] 335i MA 271 32.8 | 57.2 | 23.2 30.2 
Subject H: 
Av. of stand- | 
ard tension.|2,125 |4,133 {6,278 (8,268 [10,451 (12,632 |14,437 |16,741 
|e | ee me ee ie 256 321 | 324 482 | 392 505 
Average error} 109 | 199 416 487 | 309 812 | 434 940 
Variableerror| 54 | 131 | 22 218 | 202 518 | 235 509 
Ratio V. E. to 
stand..... 39-4| 31.5| 28.0 37.0 51.8 24.4) O14) 33.0 


Averages . | 
Standard ten- | 


| 

| 

| 

| 

| 

| 431 | 577 | 618 | 792 
! 


ee 14,133 6,186 (8,148 |10,297 |12,190 [14,285 {16,618 
Bi Teiccioncol S25 1 wee 273 | 352 358 | 453 | 463 | 607 
Average error| 137 | 194 382 | 432 
Variable error} 73 | 117 202 | 211 251 318 | 414 | 407 
matIO...... 31.0 35-5| 20.3 39-3 41.8 | 44.0 0.1 47.0 


Cattell’s law (Fig. 7). Referring again to Woodworth’s inter- 
pretation this means that when the subject makes the arm 
movement the judgment of force depends on a factor or 
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factors closely correlated with force. When extent is ruled 
out the judgment of force is determined by factors related 
more by chance. This indicates that with some subjects 
at least the judgment of force is closely correlated with 
judgment of extent. 
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Fic. 6. This graph shows the judgment thresholds of subjects E, F, G and H 
when they had a force standard in pulling the dynamometer compared with what 
would be expected from Weber’s and Cattell’s laws. 


2100 


1200 











Fic. 7. This graph shows the judgment thresholds of subjects EZ, F, G and H 
when they held their arm stationary while the experimenter changed the tension of 
the dynamometer spring compared with what would be expected from Weber’s and 
Cattell’s laws. 


In Table X. we have assembled the judgment thresholds 
derived from the different experiments. In part A are given 
the judgment thresholds when the subjects attempted to 
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TABLE X 


A. Extent THRESHOLDS BaseD ON THE JUDGMENTS OF THE SUBJECTS IN 1,600 
EXPERIMENTS IN WHICH THE Atrempr Was Mabe To Propuce Two MoveMENTS 
oF Eouat Force. UNIT I MM. 




















Set Standard... 2 4 6 8 | 10 12 14 16 
Subjects | 
\ ree © 9 II 8 14 | I0 Ir} 8 8 
PS II 13 13 12 | 16 9 | 10 16 
a 7 3 7 11 oS | © | se ft 19 
} | “ | | 
2. 24 22 30 6 8 | 19 2 17 
} } o- 
! 
Average....| 12.75 | 13.25 13 | 10.25 12.5 | 15.75 | 14.75 _15 





B. Extent THresHoips BAsEeD ON THE JUDGMENTS OF THE SUBJECTS IN 1,600 
EXPERIMENTS IN WHICH THE ATTEMPT Was Mabe To Propuce Two MoveMENtTs 
oF Equat Extent. UNIT I MM. 














Set Staudard.. 2 4 6 8 10 12 14 16 
Subjects 

Pee es 1 ow.) 3¢ 4 13 7 9 12 

_ SoMa im | 10 | 12 13 15 - 4 7 8 

i Eas ae ae 15 BS | 7 2 | «17 | 10 

Biciicct- a 2 oe 52 Ir | 10 Io | I4 15 

| piles 

Average....| 14.25 | 13 | 12.5 | 10.75 | 11.25 9 | I.75 | 11.25 





C. Force TuHrResHOLps BASED ON THE JUDGMENTS OF THE SUBJECTS IN 1,600 
EXPERIMENTS IN WHICH THE ATTEMPT Was MapeE To Propuce Two Movements 
oF Eouvat Force. UNIT I GRAM. 




















Set Standard..| 2 | 4 6 8 10 12 14 16 
Subjects 
E....... 50 | 100 | 270 840 500 | 420 630 | 1,040 
ee ..| 180 100 210 320 300 720 gI0 1,040 
is dla go 200 | 330 240 300 360 560 880 
ene) ia 180 | 300 680 350 300 1,120 1,120 
Average....| 107.5 | 145 | 277.5 | 520 | 362.5 | 450 805 1,020 





D. Force TuresHotps BASED ON THE JUDGMENTS OF THE SUBJECTS IN 1,600 
EXPERIMENTS IN WHICH THE ATTEMPT Was Mabe To INDICATE THE Pornts IN Two 
SuccEssivE TRIALS WHEN THE TENSION ON A HANDLE, wHiIcH Was HE Lp StaTIONary, 
Was Equat. Unit I GRAM. 











Set Standard... 2 4 | € 8 10 14 rf 
= ei i 
Subjects 
£. boise 250 560 | goo 1,240 500 1,440 2,170 1,520 
on. J 210 | 280 270 680 750 780 980 1,52 
Siccissct! Se) 3 | 480 720 1,200 | 840 1,050 1,52 
_ oer 140 420 | 570 | 1,040 500 1,20 980 2,240 
FERS ORAS ate LIE, PP ae GET 
Average.:..! 280 | 400 | 555 920 | 737.5 1,065 1,295 1,700 
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pull with a given force and were corrected in terms of grams; 
in part B are the records from the experiments where the 
subjects attempted to pull a certain extent and were given 
corrections in millimeters. When they had the force standard 
the errors in judgment increased as the size of the standard 
increased. When they had the extent standard the errors 
in judgment became smaller as the resistance to be overcome 
increased. This is interesting when we consider that in each 
of these cases the subject had the same sensation complex. 
If he was told to pull 16 kilograms and had to make a move- 
ment 175 millimeters long to do so, or if he was told to pull: 
the handle 175 millimeters and had to pull 16 kilograms to do 
this, the only factor changed was the difference in instruc- 
tions. In some way the difference in the two standards 
striven for must have changed his interpretation of the same 
sensation complex. As we have shown above the variable 
errors in the two experiments were not materially different 
(Tables II., III., V. and Fig. 3). There must therefore have 
been something in the experiment that rendered their judg- 
ments different in the two cases while it did not change their 
accuracy of movement. In all probability this was the nature 
of the corrections given. When a subject made an extent 
error of 1 millimeter and was told that he had made an 
error of 80 grams in one case (with a 16 kilogram standard), 
and 10 grams (2 kilogram standard) in another, the effect 
would be different from that induced if with two similar 
pulls with different forces he was told that in each case he 
had made an error of I millimeter. It must be remembered 
that in no case was the subject told whether he had made a 
correct or false judgment, but after he had made two pulls 
he was told how the latter pull differed from the arbitrary 
standard of the experiment. When a subject had made two 
pulls which he thought were both near the standard and was 
told that in one case the latter pull was 80 grams heavy and 
in the other 1 millimeter long he would in the first instance 
be led to make a larger correction, or at least have his con- 
fidence in his accuracy shaken, while in the latter case he 
would think he had done well and attempt to do the same 


the next time. 
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Part D of Table X. is a tabulation of the judgment 
thresholds when the subject merely held his arm stationary 
and the tension on the handle was changed by the experi- 
menter. Part C is a tabulation of the judgments of these 
same subjects when they made arm movements. We have 
said above that the reaction time of the experimenter in the 
former situation probably made the variable errors larger, 
but there is no reason why this should have made the judg- 
ment thresholds differ. Yet we find that when the extent 
factor is eliminated the thresholds are from 1.6 to 2.75 
(average 2.1) times as large as when the extent element was 
present. It seems unquestionable that when a subject could 
he used sensations of extent to help him judge the force of a 
movement just made by him, when extent was eliminated he 
could judge with less accuracy the force of his movements 
although he could judge them with some degree of accuracy. 

We have seen that whether an extent or force standard 
were used the subjects kept their time fairly uniform. While 
the ratio of the variable error in time to the total time of 
the pull shows that taken by itself it is more variable than 
either extent or force, it may nevertheless play a large part 
in the control and judgment of the other two factors. We 
therefore tried a short supplementary experiment to ascertain 
the effect of radical variations in time. 

The procedure last described was used, namely that of 
having the subject hold the handle while the experimenter 
changed the tension of the springs; and, as these subjects 
had no previous knowledge of the experiments, they were 
given a series of trials with the arm movement procedure 
for comparison. The standard used was 10,000 grams. 
When the subjects made arm movements the judgment 
thresholds of the two subjects were (J) 650 grams and (/) 
350 grams. When they held the handle in a fixed position 
and the speed with which the springs were tightened was 
radically different in the two trials of each pair according to 
a prearranged schedule, the thresholds were (J) 1,050 and 
(J) 1450. When the speed of release was changed as well 
as the speed of tightening, that is, when the spring was 
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tightened quickly, care was taken to release it quickly and 
vice versa; the thresholds were respectively 1,250 and 2,200 
grams. Here where extent was eliminated and time so varied 
as to eliminate it as a help the judgment threshold showed a 
ratio of 1 to 8 and I to 4.5. Where extent was eliminated 
and no attempt was made to change radically the time the 
judgment thresholds averaged 1 to 10.8, and when the subject 
made the movement and so could have the benefit of extent 
and time the average judgment ratio was I to 21.3. 


V. ConcLusiIons 


An outstanding feature of these experiments is the adap- 
tation of the subjects to changed conditions. Adaptation in 
fairly complex situations is generally recognized under the 
name of learning and an individual’s intelligence is judged 
by the extent to which and the speed with which he makes a 
selection of the most favorable reaction toward any given 
situation. If he makes the most intelligent reaction he will 
respond in such a way as to produce a certain result in the 
most efficient way. If after he has learned this most expedi- 
tious form of reaction some block is put in his way or this 
mode of action prevented in any way, he does not then and 
there give up all effort to attain the end in view but tries 
some new method of attack. All this is perfectly obvious 
and well recognized. That the same thing holds in more 
elementary fields has likewise been recognized by biologists 
and psychologists, but it has not received the emphasis 
which it deserves. 

It is clear from our experiments that to execute a move- 
ment of a certain force is a learned act and that to make a 
judgment of the force of a movement that has been made is 
also alearned act. Like every learned act it requires practice 
for one to become at all skilled in it and like any complex 
process it is easily interfered with by a change in the circum- 
stances surrounding the act. The subject when asked to 
pull a handle 175 millimeters, when asked to pull with a force 
of 8 kilograms, or when asked to hold his arm stationary 
and signal when the tension has reached 8 kilograms, must 
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in the first instance make a random reaction just as one 
does in learning a strange puzzle or a maze. This random 
reaction produces a certain complex of sensations, and when 
he is told that he has made an error he tries to change his 
next movement so as to make the correction and is guided 
in this attempted correction by a comparison of the second 
sensation complex with the memory of the first. There 
may be various elements that he uses in successive trials, 
just as one makes various efforts to solve any new situation, 
and the final result of the elimination process is to select 
that element which will give him the best results. 

It is important that the complex nature of the perception 
of force be clearly recognized. Investigators have spoken 
of it as though it were some simple sensation and statements 
have been made that weights were judged not by force but 
by the distance to which they were raised, by the speed of 
the movement, or by the latent time between the initiation 
of effort and the actual movement of the weight. Others 
have contended that weights are judged by sensations of 
force. The parties on both sides of the argument seemed 
to consider force as an elementary process, and through 
failure to analyze it as a complex process, could not agree. 

We have shown that one is best able to learn to produce 
a movement of a certain force when extent and time are both 
involved. The elimination of extent greatly interferes with 
the act, as does any radical variation in the time. When 
these modifications are introduced, however, one can learn 
to produce movements approximating the desired force, but 
with less efficiency than when the extent and time factors 
are present. 

We believe that the evidence herein adduced is sufficient 
to prove that the force of a movement is controlled by a 
number of factors; that extent is for most individuals a 
dominant factor and, though with less certainty, that time 
is an important factor. Besides these two there are a number 
of less closely correlated factors that an individual uses when 
he is prevented from using extent and time. That there is 
a simple sensation of force seems out of the question. 











THE TONE INTENSITY REACTION 


BY A. P. WEISS 


Ohio State University 


The purpose of this experiment was to investigate the 
sound intensity reaction when tones of the same frequency 
(256 double vibrations per second) but of different intensities 
were compared. The aim was not so much to determine the 
limen for tone intensities as it was to furnish the facts upon 
which might be built a provisional theory of the neuro- 
muscular basis of the sound intensity reaction. The experi- 
ment was undertaken from the standpoint of behaviorism 
and the requirements differ somewhat from those of the 
ordinary limen experiment as usually understood in psy- 
chology. 

Part I. treats of an experimental study in tone intensity 
discrimination and Part II. considers the results of Part I. 
from the theoretical standpoint in an attempt to determine 
the character of the neuro-muscular basis of the sound 
intensity reaction. 


I. EXPERIMENT ON TONE INTENSITY DISCRIMINATION 
APPARATUS 


The experiment required a pure tone which could be 
easily and accurately varied in its intensity. 

Fig. 1 is a diagram of the parts of the apparatus. The 
tones which were compared were produced by two electrically 
driven forks. 

Driving Fork.—The driving fork 5 is an ordinary elec- 
trically driven fork. The direct current from the terminals 
D.C. passes through the magnet 3 then into the fork base 
to be interrupted by the vibrations of the prongs at the 
contact 4. A rheostat at 8 makes it possible to control the 
amount of current which passes through the magnet 3 and in 


5° 








THE TONE INTENSITY REACTION 5! 


this way the amplitude of the fork is maintained at optimal 
make-and-break conditions. 
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Fic. 1. Diagram of connections. 


Tone Fork.—The current which is interrupted at 4 also 
passes through the magnet I1 of the tone producing fork 2. 
This fork is located in the experimental room. There are no 
contacts on this fork, but since its period is the same as that 
of the driving fork 5 its vibrations are maintained by the 
current which is being interrupted at 4. A rheostat at 9 
controls the amount of current passing through the magnet 
11. The rheostat at 7 makes it possible to pass a greater 
amount of current through the magnet 11 of the tone fork 
than is passing through the magnet 3 of the driving fork. 
The amplitude of both forks may thus be controlled inde- 
pendently. At 10 is placed a voltmeter which reads accu- 
rately to one tenth volt. This is to check the fluctuations 
in the current strength and also to keep the current through 
the tone fork magnet constant. Since there are no contacts 
on this fork, its amplitude cart be controlled quite accurately 
by changing the magnitude of the current. 

The tone fork is kept vibrating at a constant amplitude 
all the time and to make it inaudible it is mounted on a heavy 
cast iron block 12 and suspended from a frame by ropes. 
In this way the prongs can not act on any considerable 
volume of air and the fork vibrates silently except as will be 
presently indicated. 
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Resonators.—The tones which are compared are produced 
by the action of the tone fork 2 upon the resonators R1 and 
R2 which are mounted on guides so they can be moved 
independently to different distances from the fork prongs. 
Both of the resonators are made of tin. The back of each 
resonator is a wooden piston. The resonators were tuned 
by shifting this piston where the resonance seemed to be 
at the optimum, and then sealed in place by hot paraffin. 
The magnet which opened and closed the shutter over the 
mouth of the resonator was mounted on this wood piston. 
The resonators are suspended on a rod above the tone fork 
in the position shown in the drawing. They are moved 
back and forth on this rod and a convenient scale indicates 
the distance between the resonator and the fork prongs. 
When the shutter over the mouth of the resonator is down, 
the resonator is silent except when less than 20 millimeters 
from the fork prongs. At this distance the tone is heard 
very weakly. This weak tone is due to the air impulses 
from the fork being transmitted through the closed shutters, 
causing the resonators to sound to a weak degree. ‘This 
does not act as a disturbing factor because this residual tone 
occurs only when the intensities to be compared are the 
loudest in the series. 

Timing Device.—The opening and closing of the resonator 
shutters are produced by a timing device! so that the tones 
are always presented in a given order and duration. The 
tones alternate so that while one resonator is being opened 
the other is being closed. The electrical connections are of 
such type that overlapping of the tones cannot take place. 
This also avoids the interference effect which manifests itself 
when two resonators are placed with their openings opposite 
each other. The timing device is controlled by a second’s 
pendulum acting on a toothed wheel which makes electrical 
contact in such a manner that for each observation or judg- 
ment four tones are presented. Each resonator is opened 
twice and each tone lasts one second. The resonator tones 
are acoustically pure. Occasionally a nut or a washer gets 


1*Pendulum and Interval Timer,’ Psycnou. Rev}, 1916, 23, 508-516. 
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loose and begins to rattle or hum, but such disturbances are 
temporary and easily corrected. Toward the end of the 
experiment some of the observers noticed a difference in 
the quality of the two resonators. To the writer, this seemed 
to be an illusion of a difference in pitch, but it did not seem 
to interfere with the judgment of intensity. 

There were no starting and stopping difficulties; the tones 
‘came in’ and ‘went out’ smoothly. 

Operation and Calibration——The intensity of the tones 
was controlled by shifting the resonators to different distances 
from the tone fork. 

The resonators did not have exactly the same resonance 
qualities, but he who has ever tried to make two resonators 
alike will understand that it is practically impossible to 
do this. It is simpler to make them as nearly alike as 
possible and then equate them for intensities by a subjective 
method. ‘This was done by drawing a curve for the resonator 
used as a standard and plotting against these values those 
of the comparison resonator. 








INTENSITY 
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Fic. 2. Curve showing distances from the fork in millimeters at which the 
standard and comparison resonators were subjectively equal in intensity. 


Fig. 2 shows the curves for the standard resonator and 
the corresponding position at which the comparison resonator 
was judged equal in intensity to the standard resonator. 
The values for the comparison resonator are the averages of 

3 observers. The most obvious difference between the two 
resonators shows that the comparison resonator speaks louder 
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than the standard when near the fork, but weaker than the 
standard when farther away. Both speak with the same 
intensity when 13 mm. from the fork as is shown by the point 
at which the curves intersect. 

The apparatus as a whole was practically automatic. 
The resonator shifts were quickly made and the four tones 
were always presented in the same way. ‘The experimenter 
merely pressed the starting key for the timing device long 
enough to start the series, which then automatically ran to a 
finish and set itself ready for the next series. 

The amplitude of the tone fork was kept at about 1 
millimeter. In a preliminary set of experiments it was found 
that the amount of current passing through the magnet of 
the tone fork was a good index of the amplitude and that a 
greater constancy of amplitude could be secured by regulating 
the resistance in the circuit than by trying to make micro- 
scopic readings of the amplitude from time to time. For 
accurate determinations of the limen for tone intensities this 
method will not be satisfactory, but until a serviceable 
standard for tone intensities has been developed the degree 
of uniformity secured by keeping the current through the 
magnet II at a constant difference in potential will meet all 
practical requirements. At no time could any change in 
the loudness of the tones be detected. There was however 
no assurance that the absolute intensities of the tones remained 
exactly the same during the experiment. 

Measuring the absolute intensities of tones is one of the 
difficult problems in physical measurements. The energy 
values are very small and the relation between objective 
and subjective intensities has not been clearly established. 
For the purpose of this experiment the ratios of the various 
intensities were of greater significance than the absolute 
values and these ratios were practically constant because they 
were derived from the same source of sound. Any variation 
in the absolute intensity of the tone fork 2 would thus 
affect both the standard and comparison intensity in equal 


degrees. 
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EXPERIMENTAL METHOD 


Range of Intensities.—Six intensities (all of the frequency 
256) were used as standards in this experiment. As there is 
no absolute standard, only a general description of the 
intensities can be given. At six feet from the resonator the 
weakest intensity (1) could easily be heard. The tone was 
weak but clear enough so that judgments were confidently 
made. ‘The strongest intensity (6) was not very loud—about 
of the degree of loudness which can be secured by a skilled 
operator in bowing a good 256 fork on its resonance box. 
The six intensities used as standards were the intensities 
when the standard resonator was 7.3, 13.7, 22.1, 32.5, 44.9, 
59.3 millimeters from the fork prongs vibrating with an 
amplitude of 1 mm. 

When the resonators are near to the fork the just notice- 
able differences in intensities represent much shorter steps 
than when the resonators are farther away. The law accord- 
ing to which these j.n.d.’s increase in length is approximately 
a logarithmic series. In order to have all the steps of the 
intensity scale of about equal difference so far as simple 
objective measure will permit this, it was decided to form a 
logarithmic series with the base of 0.1 by squaring the arith- 
metic series .I, .2, .3, .4, etc., to 7.7, which was the upper 
limit. The lower limit was taken as the 27th multiple of 
.I which when squared equals 7.3 mm. When the resonator 
is moved too near the fork prongs its tone becomes irregular 
and weaker, and for this reason the first step was taken at 7.3 
rather than close to the fork. The square of the upper limit 
7.7 is §9.3 mm. Beyond this it was found that the tones 
became too weak. The 55 steps between the lower and 
upper limits were divided into the six equal parts which 
were used as the six standards as indicated opposite ‘dis- 
tance’ in Table II. The difference between adjacent inten- 
sities was ten steps. 

Method of Making Judgments.—The method used in mak- 
ing the judgments or reactions was a combination of the 
Method of Paired Comparisons and Right-and-Wrong Cases. 
The tones which were to be compared with respect to intensity 
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were presented in two pairs. The observer was required to 
judge whether the last tone was ‘stronger’ or ‘weaker’ 
than the second last tone. The first and second intensities 
were the same as the third and fourth respectively, and were 
given merely as a sort of ready signal and to prepare the 
observer for the last two tones. In this way the observer 
was able to make a provisional judgment during the first 
two tones and the last two tones were then used to corroborate 
this provisional judgment. 

The standard resonator was always kept at one of the 
six distances selected as standard while the comparison 
resonator was shifted to various positions at random. Judg- 
ments of ‘equal’ or ‘doubtful’ were not permitted. In 
‘doubtful’ cases the tones were repeated until the observer 
was able to make a one-direction judgment. In about a 
dozen instances the observer insisted on making equal judg- 
ments, which were recorded as both weak and strong. It 
was found that if ‘doubtful’ or ‘equal’ judgments are ac- 
cepted, the observer will not make his observations so care- 
fully. Extreme differences in intensity were avoided. Most 
of the observations were restricted to the region in which the 
observer made ‘mixed’ judgments. This saved time and 
also kept the attention at a maximum. 

Observers —Of the observers used in this experiment W 
was the writer and G his wife. Both have had a great deal 
of training in making sound intensity judgments. Cu and 
Go are instructors in the department of psychology and 
while not specifically trained in tone intensity discrimination 
they have had considerable practice in psychological experi- 
ments. ‘The other observers were advanced students in psy- 
chology who had taken or were taking a laboratory course in 
experimental psychology. The writer takes this occasion to 
thank his observers for their courtesy and the sacrifice of 


their time. Both the writer and his wife conducted the 


experiment. 
In column 4 are recorded the different distances in milli- 


meters at which the comparison resonator was placed. 
Column B gives the number of judgments for each of the 
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positions in 4. In C are given the number of times the 
judgment was ‘strong’ and in D the number of times it was 
‘weak.’ In E£ is given the ratio of the ‘strong’ over the total 
number of judgments. When all the judgments are ‘strong’ 
the ratio is 1.00; when they are all ‘weak’ the ratio is zero; 
when half are ‘strong’ and half ‘weak’ the ratio is .50. 
Under F are recorded the number of times the observer 
asked to have the tones repeated. Each observer reported 
for all six intensities. 








TABLE [ 






Specimen Data SHEET 
Obs. Wa. Date Nov. 15, 1916 
Standard Intensity 13.7 mm. (Intensity 5) 
















































Comp. Intens. Be ae ____ eee a _— 
- | Total B Strong C Weak D Ratio £ Rep. F 
8.4 ° fe) fe) | 
9.0 | I I oO 1.00 Oo 
9.6 I I | ° 1.00 re) 

10.2 2 2 re) | 1.00 Oo 
10.9 3 3 } fe) 1.00 ° 
11.6 3 3 Oo 1.00 O° 
12.2 | 5 5 re) 1.00 ° 
13.0 | 18 14 4 78 1 
13.7 23 17 6 74 5 
14.4 25 6 19 24 5 
15.2 22 7 15 32 5 
16.0 | 16 3 13 19 re) 
16.8 5 fe) 5 .00 re) 
17.6 3 fe) 3 .0O e) 
18.5 2 ° 2 .0O fe) 
19.4 | I ° ° .00 fe) 
21.2 fe) ° oO 









Critical range = 5 steps 






Critical Range-—The number of steps under 4 which are 
included between the ratios of .go and .10 are called the 
critical range. ‘This region is one in which the observer’s 
judgments are variable. For observer Wa in the specimen 
data sheet this critical range is the § steps, 13.0, 13.7, 14.4, 
15.2, 16.0. The combinations of intensities are given in 
purely random order so that the observer can not anticipate 
the intensity relations. In order to keep the attention at 
a maximum most of the comparisons (about 75 per cent.) 
were given within the critical range. 
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RESULTs 


The critical range for the intensities ranged from 4 to 9 
steps as indicated in the last line, with an average for the 
six intensities of 6 steps. Since the difference between ad- 
jacent standards was ten steps the differences between the 
standards were supraliminal, and since the whole range of 
intensities included 55 steps there were about g j.n.d.’s on a 
basis of 80 per cent. correct judgments. The critical range 
of intensity 3 (4 steps) is less than half that of intensity 5 
(9 steps) and the lack of uniformity among the other inten- 
sities is greater than was anticipated. It seems more probable 
that this is due to apparatus difficulties which passed un- 
detected, rather than to actual anatomical irregularities in 
the ear. 


TaB.t_E II 


CriticAL RANGE OF THE VARIOUS OBSERVERS AND FOR THE Six INTENSITIES 


















































Intensiti I 2 6 Av. 
Distance (Std.) sduasatices 59-3 44.9 ake “ae “=< 7:3 Av. Dev. 
Observers 
PRE ee ere te 3 5 4 7 13 7 6 2.5 
_ TORT L Ter Te 3 5 © 5 16 4 6 3.0 
a eee 4 5 8 7 14 8 8 2.3 
IIS ee et ee 4 5 2 6 8 2 4 1.8 
Marg vie Gevarae aloes naes Il 13 i 5 8 8 9 3.3 
ieee ecicau aaa 6 7 5 I 5 2 4 2.0 
SEES Seriracee 10 10 8 8 8 18 10 3.3 
| SSS Se ae Pe 2 $ 3 3 II 8 5 3.0 
_ REE ee Ree 8 13 2 8 8 4 7 2.8 
Ba sacia eae eee sb dnd ceo oat I 6 3 2 4 3 3 1.2 
Rr ee nae | 8 5 I 2 I 6 4 2.5 
ao Finca cracks wave os 2 3 2 4 2 2 3 0.8 
RE Ree ee eee re 9 II 4 7 19 6 9 3.7 
ee  - e 5 7 4 5 9 6 6 








The individual differences in the critical ranges, as shown 
in the second-last column, vary from three to ten steps. 
This means that the acuity for the discrimination of tone 
intensities may be three times greater in one individual than 
in others. This difference is considerably less than the indi- 
vidual differences in pitch discrimination.! 

The variability of the observers is indicated by the last 


1 Stumpf, C., ‘Tonpsychologie,’ I., 1883, section 14. 
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column, which shows the average deviation in steps. The 
range .8 to 3.7 or in the ratio of about I to § indicates the 
extent of the individual variation. 

Constant Displacement of ‘Equal’ Point.—During a series 
of observations the experimenter frequently noticed that the 
observer was making judgments which to the experimenter 
seemed to be wrong. ‘The observer would call a tone ‘weaker’ 
which to the observer seemed ‘stronger.’ The reverse condi- 
tion also occurred. The observers were perfectly consistent 
within their own limits. ‘Thus Cu in the average of all his 
' observations judged the comparison tone five steps stronger 
q than the standard. That is, at the point at which the other 
| observers judged the two intensities equal Cu would not 
report them equal until the comparison tone was made five 
steps stronger. W121, on the other hand, did not judge them 
equal until the comparison tone had been made three steps 
weaker. 

These anomalies were noticed by both experimenters. 
Until this fact can be made the basis of a special investigation 
we shall content ourselves with merely mentioning the phe- 
nomenon, since no attempt was made to control the sound 
reflections and interferences which were due to the walls 


of the room. 


q Il. THEORETICAL DISCUSSION OF THE SOUND INTENSITY 
; REACTION 
Introduction—The attempt to explain theoretically from 
the behavioristic point of view such a complex activity as 
that of discriminating between various intensities of tones is 
undertaken by the writer with considerable hesitation. By 
some the attempt will be regarded as premature because 
there is not at present a technique which will permit the 
unhampered observation of neural function in the normal 
living organism. How soon such a technique will be de- 
veloped cannot be foretold. However, if it is possible to 
get some clear conceptions as to what properties of the 
nervous system are essential to account for a given form of 
behavior, it will be easier to determine whether or not these 
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properties are actually present. That is to say, the writer 
has set himself the problem of designing a nervous system 
which if possessed by any organism would enable that 
organism to react in practically the same way as did the 
observers in this experiment so far as sound intensity re- 
actions are concerned. In designing such a system it is of 
course necessary to use anatomical and physiological knowl- 
edge that is fairly well established at this time. 


ANATOMICAL BAsIs 


The cochlea of the ear is regarded as the organ of hearing. 
Within this lies the basilar membrane with its rows of hair 
cells just touching the superposed tectorial membrane. If 
the relative positions of these membranes are changed, these 
hair cells are stimulated and a nervous process results. ‘The 
greater the extent of the area affected the greater will be 
the number of hair cells stimulated and the greater the total 
magnitude of the nervous flux generated in the hair cell 
receptors. It is immaterial for our purpose whether we 
regard the stimulus as an actual molar movement of the 
membranes or whether there is only a change in the molecular 
permeability of the receptors so that concentrations of ions 
may result and produce the chemical change which initiates 
the nervous process. In the development of the discussion 
the assumptions as to the anatomical structure of the ear 
which are given by Meyer’s theory! will be used. On the 
Helmholtz theory of hearing the physiological correlate of 
intensity is the amplitude of hypothetical fibers in the basilar 
membrane, resonating to the frequency of the tone in question 
(in this case 256). Since the longest of these fibers? is only 
0.3 mm. long and they are blanketed on both sides by white 
fibrous tissue, it does not seem likely that the twenty or 
more discriminations made by Go could be due to variations 
of the neural processes brought about solely by changes in 
amplitude. Under Meyer’s theory the intensity of the tone 


1 Meyer, Max F., ‘An Introduction to the Mechanics of the Inner Ear,’ The 
University of Missouri Studies, Vol. II. of the Science Series, No. I. 
2 Hardesty, Irving, ‘A Model to Illustrate the Probable Action of the Tectorial 


Membrane,’ Amer. J. Anat., 1915, 18, p. 474. 
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is measured by the relative length of the basilar membrane 
section which is in motion. 

Hardesty reaches the same conclusion but substitutes the 
tectorial for the basilar membrane. From the fact that 
discrimination does not vary a great deal for the different 
intensities, as shown by the averages for each of the intensities 
of Table II., it seems that the receptors are stimulated in a 
relatively constant manner. 

Hardesty gives the widths of the basilar membrane as 
1: 1.8 for basal and apical ends respectively, and the widths 
of the tectorial membrane as 1:7. This would indicate that 
the basilar membrane is the more uniform of the two. For 
our purpose it is not necessary to definitely settle the question 
as to whether the tectorial or basilar membrane (or possibly 
both together) is to be regarded the organ which gives the 
stimulus its characteristic form. Meyer’s theory also has 
the further merit of being the most carefully worked out of 
any of the theories. 

We assume then that the discrimination of sound intensity 
has as its stimulus the greater or less extent to which the 
basilar membrane is acted upon and that the action begins 
at the basal end (the part nearest the oval window) and with 
increasing intensities extends further and further toward the 
apical end. It is of course impossible to determine what 
proportion of the total length of the basilar membrane func- 
tioned in this experiment, but for our purpose this is not 
essential, since we are concerned with the manner of function 
rather than with the range of the action. 

Considering the total length which was actually involved 
as a unit, we found that within this region there were 9 
j.n.d.’s and this means that when the difference between 
any two parts is one ninth of the total length involved, a 
discrimination is possible. For some individuals (Wa) the 
difference needs to be as great as one sixth, while for a more 
acute observer (Go) one twentieth seems adequate. 

From the preceding considerations we may formulate the 
anatomical conditions under which the intensities of two 
tones are discriminated as follows: 
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When the ears are alternately stimulated by differences 
of tone intensity which are great enough to be discriminated, 
this involves the alternate vibration of unequal (as to length) 
sections of the basilar membrane. ‘The greater the intensity 
the longer will be the section which vibrates. The vibrating 
area begins at the basal end and extends toward the apical 
end, so that the receptors for the weak intensities are also 
stimulated when a stronger intensity acts upon the basilar 


membrane. 














Fic. 3. Diagrammatic representation of auditory function. 


A.M., auditory meatus. Bas.M., basilar membrane, including organ of Corti. 
C.D., cochlear duct. E, Eustachian tube. He, helicotrema. M.E£., middle ear. 
Os, ossicles; malleus, incus, stapes. O.w., oval window. Rets.M., Reissner’s mem- 
brane. R.w., round window. S.C., scala cochlea. S.V., scala vestibuli. Tec.M., 
tectorial membrane. Ty, tympanic membrane. 


In Fig. 3 the structures of the ear are shown diagram- 
matically. The cochlea is shown uncoiled. The basilar 
membrane (Bas.M.) is shown as a straight membrane upon 
which rests the tectorial membrane (7ec.M.) and the organ 
of Corti. When a tone of 256 vibrations (for instance) of 
weak intensity is acting on the ear, the sound waves enter 
through the auditory meatus (4.M.) and set the tympanic 
membrane (7) into forced vibrations. These vibrations 
are taken up by the ossicles (Os) and transmitted to the 
oval window (0.w.). In this transmission the amplitude and 
energy of the vibrations are changed in amplitude but not 
in form, so that the movement of the oval window may be 
regarded as a function of the tympanic movement. An 
inward movement of the oval window increases the pressure 
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of the lymph in the scala vestibuli (S.V.) and this increase 
in pressure is released by an outward compensatory move- 
ment of the round window (R.w.). If the basilar membrane 
were rigid, it would be necessary for the lymph to flow 
through the opening (He). If, however, the basilar mem- 
brane is regarded as having a limited flexibility, the relatively 
great resistance through the tubes S.V., He, S.C., make it 
more probable that the compensation will take the shortest 
path from the oval window to the round window and thus 
pass through the membranes Rets., Tce., Bas., and force the 
round window outward. If the intensity of the tone is weak 
only the inner sections (1, 2, 3, etc.) nearer the windows will 
be acted upon. As the intensity of the tone increases addi- 
tional sections (4, 5, ---, 10) of the basilar membrane will 
be affected. For very loud sounds the limited flexibility of 
the basilar membrane may prove inadequate to compensate 
for the movement of the oval window, and then there may 
be an actual displacement of the lymph through the opening 
He. The physical correlate, then, for a tone which gradually 
increases in intensity is a vibratory movement of the basal 
regions of the basilar membrane for weak tones, and the suc- 
cessive additions of further sections in an apical direction 
until with very loud tones the entire basilar membrane may 
vibrate. 


ASSUMPTIONS AS TO THE NATURE OF THE RECEPTOR-EFFECTOR 
CoNNECTION 


For the range of the experiment herein reported, it was 
found that the number of steps which could be discriminated 
was about nine on the average. This means that if the nine 
different intensities were presented to the observer in such a 
way that he could easily compare them it would be possible 
to arrange them in a series with the weakest and strongest 
tones at the extremes. The average observer would be able 
to do this invariably, always getting the same intensity in the 
same place in the series. Since it is rather difficult to produce 
tone intensities that can be moved about and arranged as 
easily as objects such as lifted weights, it is simpler to arrange 
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the series verbally. That is, by designating the various inten- 
sities as I, 2, 3, «++, 10, the average observer should be able 
(after practice) to designate each intensity correctly. This 
means that there are nine distinct verbal reactions. 

In order to explain how this type of serial activity may 
be explained on a neurological basis the following assumptions 
are made as to the manner of stimulation and the way the 
flux is distributed to the various effectors: 


8a 
Y R=1.625 


F=1000 | nl 





R=1.66 R=1.00 





5 
ns F=625 
Ma 625 
n F=125 
Mb 125 


Fic. 4. Diagram showing method of calculating neural function. 


1. As the receptors on different regions of the basilar 
membrane are stimulated, the nervous flux which results is 
distributed in such a way that at least ten different reactions 
may take place. 

2. The many receptors actually present in the organ of 
Corti are replaced by only ten receptors distributed in the 
regions I to 10 (Fig. 3). When region 1 only is stimulated 
it is assumed that the reaction is intensity 1; when both 1 
and 2 are stimulated the reaction is intensity 2, etc. 

Before developing the hypothetical neural system it is 
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necessary to consider in some detail just how its properties 
are to be calculated. 

Let nI, n2, 3, n4, n5, n6 (Fig. 4) represent a nervous 
system of six neurons. There is a single receptor or sensory 
point at Sa and there are in all three motor points or effectors, 
Ma, Mb, Mc. Each of the six neurons has the same resist- 
ance! and the direction of the nervous excitation or flux 
which results when Sa is stimulated is indicated by the 
arrows.” 

We shall assume that when Sa is stimulated 1,000 units 
of flux are generated and the question then arises what part 
of this 1,000 units reaches the effector Ma, what part reaches 
Mb, and what part reaches Mc? In calculating these pro- 
portions it is necessary to know the resistance between each 
effector and the receptor Sa. To find these resistances for 
neurons connected as shown, we use the formula that the 
reciprocal of the resistance (R) of a system of conductors 
connected in parallel is equal to1/R = 1/r’ + 1/r’’ + +--+ 1/r* 
In other words the reciprocal of the total resistance is equal 
to the sum of the reciprocals of the resistances of the parallel 
branches. 

Beginning with Mc and counting the number of neurons 
to the first branching point, we find one neuron, 4. Begin- 
ning with Mb we find two neurons, 75, 76. We have thus 
two branches, one of which has a resistance of one, and the 
other a resistance of two s.n.* Substituting these values for 
r’ and r”’ we have 1/R = 1/2 + 1/1 = 3/2 or R = .66. Thus 
the branch made up of the neurons 4, 15, n6 has a resistance 

1 The term resistance is here merely used in a quantitative sense and refers to the 
fact that not all the effectors with which a given receptor is neurally connected, receive 
the same amount of neural flux. Whether we regard the resistance as being a function 
of the synapse, of the whole fiber, of the cell body or of the rate of metabolic change, 


is here immaterial. 
2 This is only a diagrammatic representation of the “polarity” principle in neur- 
ology in which it is assumed that the nervous impulse passes only in one direction (from 


receptor to effector) and not in the opposite direction. 
$s.n. is an abbreviation for “standard neuron.” By standard neuron we refer 


to the resistance of a single independent neuron as represented in the diagram. The 
total resistance of any system is represented in terms of a nervous system made up 
of standard neurons connected in series. 
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which is equal to .66 s.n. The next step is to calculate 
the resistance of the branch made up of the neurons n2; 
n4, nS, n6; n3. The neuron m2 has a resistance of 1.00 
while 74, 15, n6 were just found to have a resistance of .66 
s.n. Adding we have 1.00 + .66 = 1.66 s.n. for the branch 
n2,n4,n5,n6. ‘The resistance of n3 is 1.00s.n. Substituting 
1.00 for r’ and 1.66 for r’’ in the formula we get R = .625 s.n. 
for the system n2, 3, n4, n5, n6. Next, neuron mi has a 
resistance of 1.00 s.n. and the system n2 to n6 was just found 
to have a resistance of .625 s.n., so the total resistance of all 
the neurons in the diagram connected as in Fig. 4 is 
1.00 + .625 = 1.625 s.n. 

To calculate the way the flux will be distributed to each 
of the effectors Ma, Mb, Mc, we begin by the obvious fact 
that all of the 1,000 units must pass through m1. At the 
end of m1 the flux divides, but not equally. The division is 
inversely proportional to the resistance of each of the paths 
that are open. These resistances (R) were found to be 
1.66 and 1.00, or in the ratio of 5:3. For every five units 
going one way, three go the other. If the 1,000 units are 
divided in this proportion we have 625 :375. Since the 
path which has the least resistance gets the greatest proportion 
of the flux, 73 will get the 625 units and m2 the 375 units. 
The 375 units in m2 are then distributed to 14, n5, n6 the 
division occurring at the end of 2 in the proportion of I : 2. 
When 375 is divided into these proportions we have 125 : 250. 
Of this proportion 15, m6 get 125 units and m4 the 250. 
From this analysis we can say that the 1,000 units which 
start at Sa are distributed as indicated by the F values 
opposite each neuron in Fig. 4. 

The motor point or effector Ma will get 625 units; 
Mb—125 units; Mc—z2s50 units. If now Ma should hap- 
pen to represent a system of muscles in the speech mechanism 
whose contraction results in the pronunciation of the word 
‘weak’; Mba system whose reaction is ‘equal’; Mc a system 
whose reaction is ‘strong’; the reaction which would actually 
take place when Sa is stimulated would be the reaction ‘weak’ 
since this system of muscles gets more flux than any other. 
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Having indicated the way in which the hypothetical 
nervous system may have its properties handled quantitatively 
we may pass on to a consideration of the development of 
the serial reaction. 


SERIAL REACTION 

The neural system which will meet the requirements of 
the results of the experiment must account for the following 
facts: 

1. When the difference between the intensities of two 
tones passes a certain limit, the observer is able to react to 
each intensity by an independent reaction, such as ‘weak,’ 
‘medium,’ ‘strong,’ ‘intensity 3,’ ‘intensity 6,’ etc. 

2. When the difference between the intensities of two 
tones is below a certain limit, the reactions lose their inde- 
pendence or consistency. In other words, the intensities may 
be mistaken. 

The above conditions would be met by a system of 
neurons connected as indicated in Fig. 5. 
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Fic. 5. Diagrammatic representation of the serial reaction. 


In Fig. 5, S1 to Sn represent sensory points or receptors 
which are to be imagined as located in the corresponding 
regions of the basilar membrane in Fig. 2. M1 to Mn repre- 
sent motor points or effectors which may be located in various 
muscle groups such as (1) the speech mechanism by which 
the intensities are distinguished verbally, or (2) in any other 
system of muscles by which discrimination can be indicated. 

1 For the mathematically trained reader this presentation will seem too elemen- 


tary. The formula, however, is somewhat foreign to psychological methods and a 
detailed application should help some readers to understand the line of reasoning better. 
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In other words, M1, M2, M3, etc., may represent any muscular 
activity which in ordinary language is called ‘a discrimination.’ 

In calculating the properties of this system only the part 
indicated by the solid lines is used. The dotted lines indicate 
how the system may be indefinitely extended to allow for 
any number of discriminations. A nervous process starting 
at S; with an intensity of 1,000 units passes to the end of the 
neuron and there divides; 618 units going to M1 and 382 
units going into the connecting neuron. Between S2 and 
M2 the flux again divides, 236 units going to M2 and 146 
over the connecting neuron to the junction between S3 and 
M3. This continues for the rest of the system, the flux 
being distributed as indicated. After each division the 
amount of flux which passes to the connecting neurons is 
decreased asymptotically, but the reduction of the flux is so 
rapid that after the eighth effector (M8) it is practically zero 
and may be neglected.’ 


TaB__E III 


STIMULATION IN IsOLATION 


Proportion of flux reaching the various effectors (Mn) from the different receptors 
(Sn) when the total flux from any receptor is 1,000 units. 
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Table III. gives the quantitative distribution of the flux 
when the various receptors are thought of as being stimulated 

1 The upper vertical neurons are to be regarded as sensory neurons; the horizontal 
as connecting neurons; and the lower vertical as motor neurons. 

2 The flux values given in Fig. 5 apply only when the stimulus is S1. Other 
values are given in Table III. 











— Sila Eeame 5 








THE TONE INTENSITY REACTION 69 


in isolation. Of course, under normal function this is im- 
possible since the stimulation of any receptor always includes 
the stimulation of the preceding receptors, but to understand 
Table IV. it is necessary to introduce the concept of isolated 
stimulation. The values for Table III. are calculated ac- 
cording to the principle used in determining the distribution 
of the flux in Fig. 4. When this principle is applied to a 
construction such as Fig. 5 and we are concerned only with 


the flux which reaches the various effectors we may use the 
formula of a familiar mathematical series: 


Mn = (s/2")3 —- V5)" v5 — 1), 


where Mn is the value of the flux reaching the nth effector 
and s the value (in this case 1,000) of the initial flux. 

From the fact that M1 receives such a relatively large 
proportion of the flux (618/1,000), when S1 is stimulated we 
should expect the reaction (whatever it may be) to occur 
strongest at M1. If M1 and M2 represent antagonistic 
reactions such as pronouncing the word ‘weaker’ for M1 
and ‘stronger’ for M2, only the reaction ‘weaker’ will occur 
since we do not call a tone both ‘weaker’ and ‘stronger’ at 
the same time. 

When S2 alone is stimulated M2 will get the 618 units, 
while M1 does not get any flux. The same principle applies 
for the remaining construction. In general we may say that 
the flux is greatest to that effector which corresponds to the 
receptor; the nearer (functionally) the effector is to the 
receptor the greater the percentage of flux which reaches it. 
This type of construction also explains why mistakes are 
made. If for any reason a neural! process coming from out- 
side receptors gets into the system it may change the dis- 
tribution of flux so that when SI is stimulated a greater 
proportion of the total flux from all receptors of the body 
will reach Mz instead of M1. This manifests itself as dis- 
traction or as an error in judgment. 

Table IV. indicates the amount of flux which reaches the 
various effectors when the stimuli are combined so that the 


stimulus S3 includes S1 + S2 + S3. The values of Table 
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IV. are derived by progressively adding the M values of 
Table III. Here again the greatest percentage of the flux 
reaches the effector which corresponds to the last receptor in 
the series, but on account of the summation which results 


TaBie IV 


STIMULATION IN PROGRESSION 


Total flux reaching the various effectors (Mn) from the various receptors (Sn) for various 
values of n 
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from the combination of the stimuli the magnitudes are 
greater. Thus when S1 + S2 + S3 (n = 3) are stimulated 
the reaction will be at M3, since M3 gets a greater flux (944) 
than any other effector. The notation p> Sn where m = 6 


means the sum of the amounts of S1 + S2 + $3 + 84+ S5 
+ S6. 

The most probable reaction for any series is indicated by 
the heavy-faced figures. Thus when the stimulus is » = 4, 
the greatest amount of flux (978 units) reaches M4, etc. In 
the serial reaction, Fig. 5, for each receptor there is one effector 
which receives a greater amount of flux than any other but 

1 Note: The sum of the flux values is always a few units less than the “total 


flux.” This is to be expected since we are dealing with an infinite series which only 
approaches the total flux values as a limit. 
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the adjacent effectors receive sufficient flux to account for the 
mistakes or wrong reactions that may be made. As we 
approach the higher values of n, the differences between the 
magnitudes of the fluxes which reach adjacent motor points 
become less and less and approach zero. Thus when n = 6, 
M4 gets 978 units; M5 gets 991 units; and M6 gets 996 units. 

It might quite properly be objected that where the dif- 
ferences in flux are so small, we cannot expect a difference in 
discrimination. That is, when the stimulus is »=6 a 
reaction at either M4, M5 or M6 is equally probable. This 
difficulty is due to the simplification which has been necessary 
to make the diagram easily understood. If each motor 
neuron in Fig. 5 had been represented as a chain of neurons 
(a condition which anatomically is much more probable) 
and if instead of using a regression which practically reaches 
zero at n = g, we had selected one in which the value does 
not become less than a mil until m = 50, this difficulty would 
not have arisen.! 

Until the nature of these series has been experimentally 
determined we are free to select the one which is most con- 
venient for the purpose in hand. 


THE Two-way REACTION 


We may react to a tone of low intensity by calling it 
‘weak’ and to a tone of strong intensity by calling it ‘strong’ 
without making a direct comparison. In other words, we 
may react to any intensity by the equivalent of either the 
one or the other speech reaction. This is so well known that 
experiment is unnecessary, but it is a fact which must be 


1 The following series is such a regression for n = 51. The starting point is 
arbitrarily taken at 100 and every following member is nine-tenths the preceding 
member: 

100, 90, 81, 73, 66, 59, 53, 48, 43, 39, 35, 31, 28, 25, 23, 21, 19, 17, 15, 13, 12. 
BE, BO, O, ©, . Fu Ge So So So So Se So So So Bo Bo Be Bp By Bp Bp By By By Up Bp By Bp 8p 
Sum = 1,000. Selecting the first 10 or 15 members would avoid the small differences 
but the reader can easily see that this series treated in the manner indicated in Tables 
III., 1V., V., VI. and Figs. 6 and 7 would extend the tables and diagrams beyond the 
point of easy comprehension. A general algebraical formulation which is simple 
enough to be easily understood, but yet adequate to give the values of Table V1. 
for any values of n is beyond the mathematical ability of the writer. 
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recognized in any theory of the sound intensity reaction. 
In order to understand this two-way response, another pattern 
of neural connection must be added to the serial reaction 
illustrated in Fig. 5. This neurological basis of the two-way 
reaction is shown in Fig. 6. 
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Fic. 6. Diagram of two-way and comparison reaction. 


This system has two effectors, one at Ms (the speech 
reaction ‘strong’) and the other at Mw (‘weak’). Any flux 
getting into the system must act on both these effectors but 
not to equal extent. Whichever receives the greatest pro- 
portion of flux will be the only one to react, since ordinarily 
we do not react to a sound by calling it both ‘strong’ and 
‘weak’ at the same time. The upper half of the diagram is 
designated as the ‘strong’ side. The neurons are indicated 
by numbers with the prefix ‘L’ (loud, rather than ‘S’ for 
‘strong’ since ‘S’ is already in use for sensory point or 
receptor). For the ‘weak’ side or lower half of the diagram 
the neurons have the prefix ‘ W.’ 

As the values of become higher (the conditions for the 
higher intensities) the M points receiving the highest flux 
values are displaced more and more toward Ms. However, 
the further they are displaced toward Ms the greater the 
relative proportion of flux which goes to the ‘strong’ side. 
Thus at M1 the proportion is 50 : 48 in favor of Mw whereas 
at M15 it is 55 : 43 in favor of Ms. We shall refer to this 
principle as the displacement of the proportions. 

The length of the neural chain at any point to the effectors 
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Ms or Mw is indicated by the numbers of the neurons. 
Thus £45 means that the length and resistance of the chain 
from M12 to Ms is to be considered as equal to 45 standard 
neurons. The justification of this assumption lies in the 
fact that the reactions ‘weak’ and ‘strong’ to sound intensities 
are acquired rather late in the development of the individual 
and therefore probably involve a greater number of cortical 
fibers than the more undifferentiated serial reaction. 

The eight effectors M1, Mz, M3, etc., of Fig. 5 are to be 
imagined as entering the two-way system (Fig. 6) at the 
points M1, Mz, M3, etc. Thus the M1 of Fig. 5 is to be 
thought of as ending between the arrows of the neurons X 
and Y at the corresponding M1 of Fig. 6. The flux at Mr 
divides at this point, part of it goes upward into the system 
Y, Lso, L49, £48, ---, L1, Ms and part goes downward into 
the system X, W48, ---, W1, Mw. 

From Table IV. we find that when nm = 1, M1 receives 
618 units which enters the two-way system at the corre- 
sponding M1. Since the resistance between M1 and Mw 
is taken equal to 48 s.n. and the resistance between M1 and 
Ms as 50 s.n. the greater proportion of the 618 units goes to 
the ‘weak’ side. However, for the flux from M5 (13 units 
as found in Table IV.) the conditions are reversed and the 
greater proportion of the flux goes to the ‘strong’ side since 
there are only 47 neurons to Ms but 48 to Mw. The flux at 
Ms, however, is less than that at M1 (13 as compared with 
618) so the reaction still remains ‘weak’ as will be seen from 
Table V. where the ‘weak’ side of the system receives 506 
units of flux while the ‘strong’ side receives 494 units, when 
all the M values given under n = 1 in Table IV. have been 
calculated. 


TABLE V 


Intrinsic LoupNEss OF ToNES 





Stimulus 5 Sx 
n—m 





a=zz | un=2/] n=3/| n=4 n=5 n=6| n=} n=8 
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In this table is shown the relative amount of flux which 
reaches the ‘weak’ and ‘strong’ effectors when the stimulus 
conditions are those indicated in Table IV. To simplify the 
comparison, the total amount of flux has been reduced to a 
basis of 1,000. It is assumed that the reaction occurs most 
frequently in that effector which receives the greatest pro- 
portion of the 1,000 units. Thus if the flux to ‘weak’ is 506 
units and to ‘strong’ 494 units, the reaction is ‘weak,’ which 
means that the observer will report this intensity as ‘weak.’ 

It may be objected that the differences are so small that 
it is not likely the reactions are determined by it, but Table V. 
is merely to show that even when the intensities of tones are 
judged intrinsically (without reference to a standard) we 
still call the lower intensities ‘weak’ and the higher intensities 
‘strong.’ 

The values show a gradual change so that low intensities 
will be called ‘weak’ loud intensities will be called ‘strong’ 
and intermediate degrees (n = 4, = 5, = 6) may be called 
either ‘weak’ or ‘strong.’ The differences are nowhere very 
marked and this corresponds to ordinary experience in that 
the reactions ‘weak’ or ‘strong’ are usually comparative judg- 
ments, and as such are made with greater constancy. How- 
ever, under comparative conditions the same intensities may 
be called ‘weak’ at one time and ‘strong’ at another, depend- 
ing upon the intensity of the tone with which it is being 
compared. 

THE Comparison REACTION 


The reaction which was recorded in the experiment was 
the comparison reaction in which the observer was merely 
asked to report which of two tones was the ‘stronger’ or 
‘weaker.’ Under these instructions the same intensity may 
be reported as both ‘weak’ or ‘strong’ depending on the 
intensities with which it is compared. A neural explanation 
of these reactions must account for the following facts: 

1. There are two possible reactions; the observer pro- 
nounces either the word ‘weaker’ or the word ‘stronger.’ 
This represents a discrimination. 

2. An intensity to which at one time the reaction is 
‘weaker’ will at another time require the reaction ‘stronger.’ 
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3. The reliability or consistency of these reactions de- 
pends on the difference between the intensities of the two 
tones which are compared. As the differences become greater 
the reactions become more consistent. 

The comparison reaction can be derived from the same 
neural structure as the two-way reaction (Fig. 6) but it will 
be necessary to make an assumption as to the effect of the 
neural flux upon the resistance of the neurons over which 
the flux passes. In other words, what are the properties 
of neural function which make it possible for the flux to 
distribute itself in one way when the immediately preceding 
flux resulted in the reaction ‘weaker’ and in the direct 
opposite manner when it was ‘stronger.’ 

As an aid in formulating this assumption we may refer 
to the Ebbinghaus experiments on learning. He found that 
when a series of nonsense syllables was learned, the rate at 
which they were forgotten followed a rather definite equation. 
For a few seconds after learning they were remembered in 
their entirety. After a few minutes forgetting began to be 
noticeable and after a half hour a measurable amount had 
been forgotten. From this we may conclude that while a 
flux is passing over a neuron, its resistance becomes less and 
that it remains less for some time and then gradually returns 
to its original value. We are here concerned only with the 
resistance conditions for a few seconds after function. We 
will assume that when the resistance of a neuron has been 
reduced by function it remains at the reduced level for at 
least a few seconds. If a second stimulus is ready to go over 
these neurons while they are in this condition of reduced 
resistance, a greater percentage of flux will pass over them 
than would have passed had they been in their original 
condition. It is this principle which will be used to explain 
the comparison reaction. 

It is not known how much function will reduce the re- 
sistance of a neural chain, but for our purpose the exact 
amount is not significant. We know that within certain 
limits the greater the flux the greater the reduction in resist- 
ance. This is derived from the fact that in memorizing, 
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the greater the degree of attention the sooner the material 
may be reproduced. Vivid attention probably means that 
a relatively strong neural flux is passing over the neurons 
involved. We will assume that the reduction of the resistance 
is greatest when the flux is greatest, or that the reduction of 
the resistance is proportional to the flux. In the absence 
of quantitative data we shall assume the simplest relation- 
ship, namely that the resistance is reduced to the reciprocal 
of the amount of flux which passes over it. Thus if ten 
units of flux pass over a standard neuron whose resistance is 
1.00, for a few seconds after the flux has passed its resistance 
will be only one tenth. We can formulate the assumption 
as follows. 

For a few seconds after a neural flux has passed over a 
neuron its resistance is decreased to the reciprocal of the 
magnitude of the flux which passed over it. 
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Fic. 7. Diagram of flux distribution for the comparison reaction when n = 4. 


In Fig. 7 (which is the same construction as Fig. 6) is 
given the form in which the neural flux distributes itself when 
the stimulus is nm = 4 (Table IV.). The total amount of flux 
is 4,000 units and this is divided among the M points according 
to the values indicated directly under each M. The flux 
reaching any M divides into two parts, one part going upward 
toward the ‘strong’ side and the other downward toward 
the ‘weak’ side. The proportionate amount to each side is 
indicated on the vertical neurons. The total amount of flux 
carried by each side is shown on the horizontal neurons under- 
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neath the neuron number. Thus the number 1,197 below 
neuron £48 means that the total flux which passes through 
this neuron from M1, M2, M3, is 302 + 423 + 472 = 1,197 
units. The same principle applies to the other horizontal 
neurons. 

It will be noted that while the total amount of flux (1,995) 
which reaches Ms is less than the flux (2,003) reaching Mw, 
the neurons on the ‘strong’ side of the diagram (Ls50, L4g9, 
L148, etc.) actually carry more flux than the neurons (W49, 
Wso, Ws51, etc.) on the ‘weak’ side. Referring to the as- 
sumption that the resistance of the neurons decreases in pro- 
portion to the amount of flux which passes over it, it will be 
readily seen that the resistance of Ls5o, L49, L48, etc., will 
be decreased much more than W49, W50, W51, etc. If now 
the stimulus = 5 follows immediately upon m = 4 the 
resistance through the ‘strong’ side of the system will be 
much less than through the ‘weak’ side and the reaction 
will be ‘stronger,’ that is, the observer will judge the n 
stimulus stronger than n = 4. If m = 3 had followed n = 
the reaction would have been ‘weaker’ because the displace- 
ment of the proportion of flux distribution favors Mw. 


TaBLe VI 
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Std. In- | Comparison Intensity 
tensity | aa 
n=I a=2 | n=3 n=4 m= 5 n=6 w= 7 n=8 

n=1...| Fie W494 | S520 Sss7_| S6or S652 | S094 | S730 
n=2...| W468 ... | WSs500 | S527 | S562 S605 S650 | S6go 
n=3...| Wass W472 | ee S503 | S530 S565 | S605 | S648 
n=4...| W445 | W462 | W472 ... | S506 | S533 | S568 | S609 
n=5...| W430 | Wast | W465 | W479 | _... | S514 | S539 S573 
n=6...| W424 | W442 W456 | W467 | W48r | ad | S516 | S543 
n=7...| W418 | W435 | W448 | W460 | Ware | WH) >... | S521 
n=8...| W410 | W429 W444 | W456 | W467 | W480 | W404 





In Table VI. are indicated the values of the flux reaching 
Ms for different combinations of stimuli when allowance is 
made for the reduction in resistance due to the functioning 
of the flux from the stimulus which was given first. The 
method of calculating these values is not given in detail 
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since it would not contribute anything of interest in under- 
standing the sound intensity reaction. Arithmetically the 
process is simple and of the same type as for Fig. 4. 

The stimuli at the left are to be read as coming first 
and the stimuli at the top are supposed to follow within one 
second. Thus when n = 5 (left) is followed by n = 3 (top) 
we find at the intersection W465, which means that 465 
parts out of 1,000 units of flux reach Ms and since this is 
less than half of 1,000 the reaction will take place at Mw or 
will be ‘weaker.’ The prefix letters ‘“‘W” and “‘S” indicate 
which of the reactions ‘stronger’ or ‘weaker’ will probably 
take place. All magnitudes have been reduced to a basis of 
1,000 for easy comparison. 

An inspection of the table shows that when the stimulus 
nm = 1 (the weakest tone used) is followed by any intensity 
above n = 2 the reaction is ‘stronger’ and the greater the 
difference between the intensities the more likely is the 
‘stronger’ reaction to occur, as is indicated by the gradual 
increase in the magnitudes up to m = 8. For all comparisons 
above the diagonal of blank spaces the reaction is ‘stronger’; 
for all comparisons below, the reaction is ‘weaker.’ An 
exception occurs when u = 1 is followed by » = 2. The 
reaction to be expected is that of ‘stronger’ since the intensity 
of the stimulus m = 2 is greater than thatofm = 1. We find 
in the table W494 which is equivalent to the reaction 
‘weaker.’ This, however, is so close to 500 that we can 
regard this as an instance of what happens when the difference 
in the intensities of two tones is subliminal. 

The table could of course have been worked out for any 
number of intensities and an experimental proof of the 
validity of the assumptions contained in this paper should 
show that the number of errors made in comparing the 
intensities of two tones are proportional to the magnitudes 
given in the table. The writer hopes to carry out this experi- 
ment. At any rate all the conclusions which may be deduced 
from the assumptions are open to experimental verification 
without the interpolation of such conceptions as memory, 
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reason, imagery, attention, affective tone, or any subjective 
terms whatever. 

In conclusion it may be well to anticipate the criticism 
that there is no proof that neurons are arranged in the 
nervous system as indicated in the diagram. Very probably 
they are not, because the genetic development of the nervous 
system was not supervised by an engineer. However, other 
types of connections can be developed that give the same 
effects as result from these diagrams. The orderly and 
mechanical arrangement is not necessary for proper function. 
Crooked lines bearing a sketchy resemblance to the brain 
and spinal cord might have been used, but clearness in com- 
prehension would not have been augmented. 

If human behavior is to be understood as a function of the 
nervous system it is necessary, at least from the theoretical 
point of view, to determine the properties of the nervous 
system. Dissection and post-mortem examination are ex- 
tremely valuable, but they have their value enhanced when 
they are directed by a theory which anticipates certain 
conditions. Anatomical and functional conditions which are 
expected are more readily found than when left to chance 
observation. There is of course the danger of stretching 
the actual observations to ‘fit the theory’ but the multiplicity 
of theories which require conflicting observations soon tend 
to eliminate spurious observations. 

The writer only wishes to say that given an organism 
which has a neural organization such as that indicated by 
the diagrams and if the properties of the system are those 
indicated in the assumptions, this organism would be able 
to discriminate tone intensities in practically the same way 
as was done by the observers in this experiment. The ques- 
tion, is the human being such an organism and has the nervous 
system these properties, is a purely experimental problem; 
not an easy one, to be sure, though one which is no more 
difficult than any of the more exact problems in theoretical 
physics or chemistry. At any rate the need for consciousness 
or mental factors is eliminated and this is an advantage. 
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SUMMARY AND CONCLUSION 
EXPERIMENTAL 

1. The individual variations in the acuity of the tone 
intensity discrimination are less than the individual differences 
in pitch discrimination. 

2. Within the limits of this experiment about g intensity 
steps were, on the average, discriminated. By extending the 
intensities to include very loud and very weak tones a dis- 
crimination of 25 intensity steps should represent about 
average accomplishment. 

3. Two tones which are judged equal by one observer may 
be recorded as distinctly unequal by another observer. 


THEORETICAL 


1. The basilar membrane is the anatomical basis of the 
sound intensity reaction. ‘The greater the intensity of the 
tone the greater is the area of the basilar membrane which 
vibrates. The receptors for weak intensities are also stimu- 
lated when strong intensities act on the ear. 

2. The sound intensity reaction is made up of two types 
of responses: 

(a) The Serial Reaction—Neurologically this may be re- 
garded as a continuous system of receptors which, with 
increasing tone intensity, are stimulated in greater numbers. 
The receptors are connected with a limited number of effectors 
in such a way that the nervous flux originating from the 
stimulation of a definite group of receptors is distributed to 
any number of effectors, but in greatest proportion to a given 
group of effectors which may be called the corresponding ef- 
fectors and which upon functioning discriminate the intensity. 

(b) The Comparison Reaction.—Neurologically this may 
be regarded as a group of neurons interposed between the 
receptors in the serial reaction and two supplementary effec- 
tors. From the central connection of the effectors in the 
serial reaction neural connections lead to both the effectors 
‘weak’ and ‘strong’ in such a way that the reduction of 
resistance due to function and the principle of the displace- 
ment of the proportions of flux, will make the temporal order 
of stimulation a determining factor in the reaction. 
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DISCUSSION 


THURSTONE’S METHOD OF STUDY OF THE LEARNING 
CURVE! 


Some time ago L. L. Thurstone, of Carnegie Institute of Tech- 
nology, devised a plan for studying the learning curve that seemed 
at the time to give the properties of the curve with mathematical 
accuracy. He represented the general learning curve by the equa- 
tion y = a(x +c)/(x +¢+ 0). This equation is to be plotted 
just as any other algebraical equation. ‘The y’s are the ordinates 
and represent amounts of attainment. ‘The x’s are abscissas and 
in Thurstone’s work represent practice acts. At the close of the 
first practice act of the experiment x is given the value 1 and y the 
corresponding attainment. At the end of the second practice act 
x is given the value 2 and y the corresponding attainment, etc. In 
this equation ‘a’ will be the value of y when « is infinite or will be 
the physiological limit of attainment; ‘c’ represents the amount of 
previous practice or the value of x when y is zero. Thurstone says 
that ‘b’ represents the rate of learning. The equation represents 
the learning curve fairly well. This attempt at an objective method 
of measuring ability should be a stimulus to further research along 
this line. Thurstone’s equation, however, breaks down in use as 
follows: 

1. Previous Practice and Physiological Limit.—Before the experi- 
menter gives his tests the child has already had at different times 
practice in the function tested in. This previous practice is in- 
determinate. Possibly a way may yet be found by which the 
amount of previous practice may be found. Thurstone assumes 
that the first trial of the experiment is trial 1, or practice act I. 
What could a negative amount of previous practice mean? Could 
there be less than no practice? Suppose that an experimenter 
practices a child m times in a function, plots the learning curve and 
solves for the constants. Then a second experimenter (ignorant 
of the first experiment) takes the same child after the lapse of some 
time and practices him m times in the same function, plots the curve 

1From the Psychological Laboratory of George Peabody College for Teachers. 
Reference is made to L. L. Thurstone’s Paper on ‘Calculating Learning Curve Coeffi- 
cients,’ read at the New York meeting of the American Psychological Association. 


Psycrou. BuLL., 1917, 14, p. 64. 
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and solves for the constants. The curve obtained by the second 
experimenter will begin with less attainment than that with which 
the first ended. The second curve will rise much more rapidly 
at the beginning than the first and consequently when completed 
will show less previous practice than the first curve although we 
know that the child in the second experiment has had m more 
previous practice acts than in the first experiment. The physio- 
logical limit for the second curve will be found to be less than in 
the first although it is for the same child and should be the same or 
a little greater than in the first curve. To illustrate graphically, 
consider (Curve a) and (Curve 3). 
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Let (Curve a) be made from the practice of a child in a given 
function for m practice acts. The previous practice will be repre- 
sented by the line DO. Let another experimenter (ignorant of the 
first experiment) after the lapse of some time, practice the child n 
times in the same function. Suppose that (Curve 3) is plotted from 
the data of the second experiment. ‘The previous practice in the 
latter case will be represented by £O,. The previous practice in 
the latter case is less according to the curves than that of the first 
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case although we know that the second amount is really greater 
by m practice acts. The learning curve always rises more rapidly 
at first after a period of rest. To illustrate still further, consider 


(Curve c). 
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Take (Curve c), divide it into segments 4B, CD, BC, 
and considering Op the origin of segment 4B, O; the origin of seg- 
ment BC, etc., calculate by means of the equation the physiological 
limits and amounts of previous practice for each of the segments. 
It will be found that the segments which rise most rapidly will 
give the greater physiological limits and the segments which are 
nearer to R will give the lower physiological limits. Now these 
segments are parts of the same curve 4R. If O be assumed to be 
the true origin and the physiological limit and amount of previous 
practice be calculated for AR they will be different from those of 
the segments. This is identically the case of the learning curve. 
We do not know the true origin of the curve because we do not know the 
zero point for practice. 

2. Rate of Learning.—The rate of iearning is really different 
for every point on the learning curve. The rate will be the dif- 
ferential of y with respect tox. It will be represented by the expres- 
sion ba/(x + c¢-+ 6)?. To compare the rates of learning of two 
curves at just any random points would mean nothing. Since we 
do not know the starting point for practice we do not know when 
we are comparing curves at corresponding points. The constant 
**b”’ could not be the mean rate of learning over a certain interval. 
The mean rate over the interval from x = n tox = m is represented 
by the expression ba/(m +c¢+b)(n+c¢+ 5). But to compute 
the mean rate of two curves for the same intervals of practice is 
not necessarily to get the mean rates for corresponding parts of 
the curves. The second practice act in the experiment may be the 
forty-fifth practice act in reality. 

3. Summary.—The gist of what has been shown is that we 
cannot get correct values of the learning curve constants by the 
use of an equation unless we know the true zero-point for practice. 
In the equation y = f(x) no one should expect to find true values 
of the constants unless true values of x and y are substituted. 
This is exactly the difficulty in using any equation for the learning 
curve. The fundamental problem is to find the true zero-point for 
practice. All practice must be counted from this if an equation 


is used. 
R. V. Briarr. 
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